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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Wah  Depaetmest,  Ordnance  Office, 

W(i«biitgtoH,  October  10, 1878. 
Tie  Hon.  Skcbf-tabv  of  Wak  : 

Sre:  1  liave  the  liniior  t«  submit  the  fitllowiiig  reitort  of  tlie  principal 
operations  <if  the  Onliiance  Depurtnieiit  diiriiif:  tlie  fiscal  year  ended 
■hine  34),  1878,  nith  »iir1i  reuiai-k»  iind  reeoumiendations  as  the  interests 
of  tliia  bi-aiH'ti  of  the  militarj-  seniee  seem  to  re<iuire. 

The  Hncal  res<nirce8  and  expenditiirea  of  the  department  during  the 
year  were  as  folluwn,  viz: 

Amonnr  in  the  Tivmsiu^-  to  tlie  rn-ilit  nf  ii]i|iropriiitiiiiiM  dii  .Tiiiip  30,  1877.        $25, 356  79 

Aimniiil  ill  tlif  Treanilij'  not  ivjiDrtiHl  tii  the  i*re<lit  ill'  ai>jiro|>riatiuuH  <iti 
Jan.-  an,  1«7 3, 919  99 

AiiLimm  in  fpiv<'niui'>nt  (lf]HiHiliirini  tii  tlie  credit  of  lUnbinDlug-afflciTB 
ami  ollien.  ou  Jnne  30,  lfl7 194,236  88 

AuHiDut  of  ii]i]in>]iriutioitH  Air  tlie  M-rvice  of  the  &Kal  year  eudcd  Jiiue 
;«.  1-78 1,136,004  48 

Aniniiiit  refiiiiileil  to  »ntunnre  B]iiini]>riiiti>>iiB  iu  aettliiig  ncuoniitH  iliir- 
inKlUeHBraiyearenaedJimeSO,  Ij^ij 6.393  2S 

fimw  nnioiiiit  receivpil  diirinft  the  finonl  ypsr  endeil  June  :(0,  1878,  from 
ulm  to  oMren;  from  mitti;  from  collort ions  from  troo|M  on  aeeonut 
of  \aKae»  of,  or  daDifi)(e  to,  ordnnnce  itorea ;  from  ClikaK".  Bock  lalanil 
and  Haeific  BftilroiwlC»iup»iiy;  fVom  exchauge  of  iMiwder ;  fromsaleit 
o[  I'oiulemneil  Htoren ;  and  from  nil  other  sources  uot  liefore  mentiuued.         115,900  16 

Tola! 1,481,811  56 

Amniiiit  of  ex|ieiiditiirrti  diiriuff  the  fiiiral  year  ende^l  June  30,  1>^I*, 
inrhiiUiig  expeimea  attending  Hales  of  condemned  storen,  exchan)te  of 
powder,  etc 1,188,580  82 

AuuiaQt  iu  the  Ttvaaiiry  not  reported  to  the  cmlit  nf  the  a]ipropriatiou8 
on  June  'M,  IrfTJ,  since  covered  iu  during  year  ended  June  30,  1878,  as 
pmrenlH  of  sales 120  75 

Amimnt  de]inHite<l  iu  the  Treasurr  during  the  fiscal  year  ended  Juue  30, 
l'^'?,  as  pnK'cede  of  saloa  of  government  property 12,057  32 

Amount  lB|Med  in  the  Treasury  from  the  appropriation  "Onlnnuce  mate- 
rial "  untlcr  net  of  March  3, 1875,  during  the  fiscal  year  ended  June  30, 
1-7'* 3  21 

Amount  trannferred  from  ordnance  appropriations  iu  settling  accounts 
during  the  Hwal  year  ende<l  Jnne  30,  iS78 476  82 

Amount  in  govemnient  depositories  to  the  credit  of  disliiirsiDg.ofBcur8 
■nd  elhers  on  June -■»,  1878 161,134  72 

Amount  in  the  TreMiuy  not  reported  to  the  credit  of  appropriations  on 
JoneSO,  1878 19,034  95 

Amount  in  the  Treasury  to  the  credit  of  appropriatioDS  on  June  30,  1878-         100, 402  96 

Totol 1.481,811  55 
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The  stations  and  duties  of  tbe  officers  ami  storekeepers  of  the  depart- 
ment  on  tbe  Ist  of  October,  1878,  were  as  foUows,  viz  :•  2  at  the  Ord- 
nance Office,  War  Department;  35  at  the  arsenals ;  8  at  tbe  ordnance 
agency,  on  the  ordnance  boanl  and  fonuderj-  dntj";  9  at  the  headquar- 
ters of  military  dinoioits,  dciiartmeiits,  and  ordnance  depots;  3  at  the 
Military  Academy;  2  on  detadietl  dut>';  4  on  leave  of  absence  (3  sick). 

Since  my  last  reiwrt  3  officers  have  dietl  and  1  has  been  placet!  on  tbe 
retired  list,  while  2  have  entered  the  corps  fhim  the  line,  under  the  i>ro- 
\'isions  of  existing  law,  after  passing  a  com[>etitive  examination. 

AKbEXALS  ASD  DEPOTS. 

The  duties  at  the  seveml  arsenals  and  the  annorj-  during  the  imst 
year  have  been  jterfonneil  in  a  satisfactory  manner,  and  exi>enditure8 
have  been  jndicionHly  and  economically  made.  Tbe  cuntimmtiou  of  tbe 
erection  of  buildings  at  the  Rock  Island  Ai-seiiai  has  been  prosecuted 
satisfactorily  to  the  extent  of  the  apimipriation,  under  the  supervision 
and  control  of  Major  Flagler,  commanding.  Tbe  maimfactnre  of  leather 
and  carriage  work  at  the  AVat«r\-liet  Arsenal,  under  Colonel  Hagner,  and 
of  ammunition  at  tbe  Fraiikford  Arsenal,  under  Major  Whittemore,  have 
sustained  their  weII-deser^'ed  reputation.  The  general  service  of  supply- 
ing the  different  branches  of  the  military  establishment  has  been  \teT- 
formed  by  the  officers  of  the  department  in  their  usual  commendable 
manner. 

TJiton  the  recommendntiou  of  ttiis  offi<-e,  the  law  for  the  establishment 
of  ordnance  dei>ots  (section  1165  Bevisetl  Statiitei*)  has  been  vitalized, 
and,  under  the  direction  of  the  Secretary  of  War,  depots  have  been  estab- 
lished at  Fort  Abnihnm  Lincoln,  Fort  Leavenworth,  Fort  Ynma,  and 
Cheyemie.  Tlie  principal  object  of  these  depots  is  to  place  a  rcser\-e  sup- 
ply of  stores  in  a  convenient  locality,  under  the  immediate  control  and 
command  of  the  department  commander,  for  the  supply  of  his  own  troops, 
and  it  is  believed  that  through  such  an  insti'umentality  tlie  suppljing  of 
the  Army  in  distant  iKwIions  of  the  couutrj-  can  be  done  more  expe«U- 
tiously  and  perfectly. 

SMALL-AR5IS. 

Only  $100,000  were  ai>propriatetl  for  tlie  manufacture  of  small-arms 
at  the  ^National  Ai-mory  during  the  la^t  fiscal  year.  On  the  Ist  instant 
there  were  in  store  as  a  reser\'e  supply  1^,900  rifies,  6,6Su  carbines,  total, 
22,585  arms  of  the  latest  mo<leI.  I  have  submitted  an  estimate  of 
$900,000  for  tbe  manufacture  of  arms  during  tlie  next  fiscal  year.  The 
necessity  for  an  accumidation  of  arms  of  the  latest  pattern  has  been  so 
often  disciisseil,  has  received  such  practical  appUcation  on  the  part  of 
other  countries,  that  a  fiulher  reference  to  it  in  this  report  would  he  a 
work  of  supererogation.    The  moral  eff'ect  of  a  large  supply  of  arms  in 

*  Id  thiH  stateiiirut  nnuie  nfflroni  nre  Fonut»l  twire,  owing  to  the  nature  of  their  du- 
tiCB.     For  a  tletailMl  "tatemeiit  see  Appendix  0. 
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FKuliiiess  for  use  is  alwaya  entirely  disregarded  in  the  discussion  of  tlie 
snbjec't.  To  be  prepared  for  iniinediiite  hostilitie.s  is  a  qniet  power,  which 
must  enter  largely  as  an  important  factor  in  the  determination  of  inter* 
national  questions  that  may  or  may  not  lead  to  Trar,  and,  as  »uch  power, 
it  is  worth  ail  the  money  expended  in  its  production.  The  argument  so 
frequently  used,  that  the  gun  of  to-day  will  probably  bo  superseded  by 
a  superior  invention  a  few  years  hence,  aud  the  exjrense  of  to-day  be 
money  thrown  away,  might  be  iised  *ith  equal  force  and  pertinence  re- 
upecting  any  article  of  raannfactnre  whatever.  But  the  present  ajkproved 
arm  eanuot  be  rendered  worthless  by  the  introduction  of  an  improved 
v«apon,  because  as  long  as  small-arms  are  fired  from  the  shoulder  aud 
the  propelling  force  is  ^initowder,  the  caUber  of  gun  and  dimensions  of 
cartridge,  now  regulation,  will  not  be  changetl,  and  the  improvement  will 
only  consist  in  more  rapid  manipulation  and  iucreased  rapidity  of  fire. 
As  a  case  exactly  in  jwint,  the  Board  on  Magazine  Guns  has  recom- 
mended a  gun  for  trial  in  the  hands  of  troops  that  is  an  improvement  on 
the  present  Springfield  arm  only  in  itsabihty  to  empty  its  magazine  of 
cartridges  in  one-half  the  time  that  the  same  number  of  shots  could  be 
fired  by  the  latter.  Used  as  an  ordina^j'  breech-loader,  its  advantages, 
if  any,  are  not  material  or  worth  consideration,  aud  yet  its  use  as  a 
cingle  breech-loader  will  be  its  normal  condition,  the  increased  rapidity 
of  the  magazine-feeding  lieing  reserved  for  great  emergencies.  Such  a 
gun,  if  approved  and  adopted,  in  a  few  years  will  not  render  the 
Springfields  that  may  be  on  hand  worthless.  I  therefore  hope  that  Con- 
gress may  be  liberal  in  its  appropriation. 

As  a  military  weapon  the  Springfield  rifle  continues  to  hold  its  own 
for  close  shooting,  and  its  recent  record  at  Creedmoor  is  not  an  unex- 
])ected  sequence  to  its  success  in  the  ''  inter-State  military  "  match  of  last 
year.  At  the  meeting  at  Cree<lnioor  last  month,  in  the  Anny  and  Navy 
JoHmal  match,  the  U.  S.-  Engineer  Battalion  tetim,  armed  with  the 
Biiringfield  ritle,  took  the  fii'St  prize,  valued  at  $750,  distance  fired  500 
yanls ;  and  in  the  short-range  match,  distance  :jOO  aud  300  yards,  the 
first  prize  was  awarded  to  the  Springfield  Armory  Kifle  Club  team — fif- 
teen teams  competing. 

Magasine-guH. — The  act  making  appropriations  for  the  support  of  the 
Army  for  the  year  ending  Jiuie  30, 1878,  aud  for  other  puiiioses,  api)roved 
November  21,  1877,  contains  this  pro^^8ion : 

Fur  mannfoctiire  of  arms  nt  the  National  Armory,  oue  hun<lred  tlioiisitnd  dollars ; 
ami  Bliould  a  boanlororiliianceofQct're,  ap|>oilitcd  by  tbe  Secretary  of  War,  recoiUDieuil 
a  magaziae-gitti  for  the  military  service,  the  Seeretar^-  of  War  is  aiithortzoil  to  e\i>eud 
luit  more  thoii  tvrvaty  tboiutaud  itollara  of  this  aiuoiiut  in  ibt  maniU'actun. 

In  confonnity  with  this  law,  a  boanl  convened  by  the  Seci-etary  of 
War  assenibltMl  at  the  JTational  Armory,  Spriugfleld,  Alass.,  on  the  3d 
<lay  of  April,  1S78,  to  consider  and  recommend  a  magazine-gun,  should 
oue  be  found  suitable  for  the  military  ,ser\'ice.  The  board  consisted  of 
Lient  CoL  J.  G.  Benton,  OnUianee  Department;  Maj.  F.  H.  Parker, 
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Ordnance  Department;  Waj.  J.  P.  Farley,  Ordnance  Departmenf;  First 
Lieut,  (now  Capt,)  J.  E.  Gi-eer,  Ordnance  Department,  Kecorder. 

All  persons  interested  in  magazine-giiua  were  invited  to  snbmit  samples 
and  api>ear  in  i>erson,  nnder  Bucli  rules  as  might  be  a^lopted  by  the 
board ;  the  arms  submitted  to  be  ealiber  0".45,  and  use  the  United  States 
8er\-iee  cartridge.  The  widest  circulation  was  given  to  this  order  through 
the  newspapers  fur  over  three  months,  that  all  persons  iuterested  in  such 
an  arm  might  have  the  time  and  opportunity  to  prepare  for  the  trial. 
The  period  during  which  arms  could  be  submitted  was  afterward  ex- 
tended to  the  31st  August,  so  that  parties  interested  had  eight  months 
in  which  to  prepare  and  submit  tUeir  iiiveutious. 

The  report  of  the  boanl  is  herewith  submitted.  It  recommended  the 
Hotckkiss  magaztKe-gun,  and  upon  my  recommendutiou  the  Secretary  of 
War  has  approved  the  action  of  the  boanl,  and  of  the  expenditure  under 
the  law  of  $20,000  in  its  manufacture.  When  we  take  into  consideration 
the  many  months  of  patient  labor  devotwl  to  this  subject  by  so  competent 
a  board,  and  that  its  investigations  were  presided  over  by  Lieutenant 
Colonel  Benton,  whose  great  expert  knowledge  and  high  scientific  attain- 
ments are  known  aud  ackuowle<lge*l  thi-oughout  the  profession,  there  can 
be  no  doiibt  that  the  conclusion  arrived  at  will  receive  general  approval. 

INFANTRY  EQUIPMENTS. 

In  October,  1877,  I  had  the  honor  of  addresssing  a  communication  to 
the  SeoretarT,' of  War  in  the  matter  of  the  infantrj' and  cavalry  equipments 
that  bad  been  recommended  by  boards  of  infantry  and  cavalry  officers, 
and  suggesting  that  such  nio<1ifications  or  changes  as  might  have  been 
found  by  recent  field  experience  to  be  absolutely  necessary  be  ascertained 
and  approved.  With  this  oliject  in  view,  it  was  recommended  that  the 
subject  be  brought  to  the  attention  of  the  General  of  the  Army  and  the 
commanding  generals  of  the  Departments  of  the  Platte,  Dakota,  and 
Colnmbia,  for  such  suggestions  and  recommcudationB  as  exjierience  in 
the  field  would  justify. 

Reports  from  all  the  headquarters  were  obtained,  and  the  results  of 
the  combined  recommendations  were  embodied  in  a  system  of  infiwtry 
equipments  that  met  the  a]>proval  of  the  General  of  the  Army.  Oiie 
thousand  sets  have  been  made,  on  his  suggestion,  and  issued  for  trial. 
If  they  meet  with  approval  in  the  hands  of  the  troops,  they  will  make  a 
saving  on  each  set  of  t4.23  on  the  cost  of  those  now  used. 

ABJIAMENT  OP  FORTIFICATION B. 

For  this  puriwse  an  estimate  of  $950,000  has  been  submitted  for  the      I 
next  fiscal  year,  and  the  hope  is  indulged  in  that  Congress  will  be  liberal 
in  its  appropriation. 

There  are  but  two  manufacturing  establishments  in  this  country  havin  g 
the  &cilitie8  and  experience  necessary  for  the  conversion  of  guns  on  the      j 
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plan  adopt«i1.  These  are  the  West  Point  Fonndery,  Cold  Spring,  N.  Y., 
and  the  Soath  Boston  Ftnmdery,  Mass.,  both  of  which  have  donefoundery 
woA  for  the  government  since  the  commencement  of  the  century.  As 
in  all  probability  we  will  have  to  depend  on  these  establishments  in  the 
futnre,  the  department  ought  to  be  in  condition  to  keep  them  in  sufficient 
orders  to  preserve  the  plant  and  mechanical  skill  without  loas  to  the 
companies.  Irrespective,  however,  of  imy  consideration  of  persons  or 
profit,  the  present  urgent  wants  of  our  forts  for  armament,  and  the  im- 
I>oaability  of  supplying  it  except  by  a  slow  and  carcfiil  process  incompat- 
ible with  the  rush  of  events  in  impending  war,  the  economy  of  working 
at  present  prices,  besides  giving  the  idle  mechanic  the  privilege  of  labor- 
ing for  his  bread,  all  appeal  to  Congress  for  a  large  permanent  annual 
appropriation  for  this  national  necessity. 

The  12^-tRcA  rifle  was  completed  and  mounted  at  Sandy  Hook  during 
the  past  year.  It  has  been  fired  only  twenty-four  rounds  with  charges 
Yuying  from  60  to  130  pounds  powder,  and  shot  weighing  600  to  700 
pounds.  The  report  herewith  shows  that  with  115  poimds  powder  and 
TOO-poond  shot,  it  gave  a  velocity  of  1,485  feet,  with  pressure  of  33,600 
ponnds  to  the  square  inch ;  a  very  satisfactory  result,  and  comparing 
favorably  with  r^nlts  obtained  in  other  countries  with  guns  of  the  same 
caliber.  To  the  length  of  bore  and  the  excellent  character  of  oiu'  pow- 
der uid  projectile  may  be  attributed  its  superiority,  if  any,  over  others. 
^Vhile  unable  to  make  an  exact  comparison  between  this  gun  and  those 
need  abroad  as  to  capacity  for  work,  because  of  differences  in  charges 
of  powder  and  weights  of  projectiles,  the  following  favorable  indications 
may  be  noted:  The  English  25-ton  gun,  with  85  pounds  powder  and 
600-pound  shot,  has  given  450  foot-tons  less  eiiergj'  than  ours ;  Knipp's, 
with  88  poimds  powder  and  664-pound  shot,  has  given  1,254  foot-tons 
leu  than  outs ;  the  Italian,  with  110  pounds  i>owder  and  TTO-pound  shot, 
has  only  given  about  400  foot-tons  more  than  oiu's.  Our  gun  uses  only 
80  ponnds  powder  and  GOO-pound  shot.  M'ith  110  pounds  powder  and 
700-pound  projectile  our  American  riile  yields  9,551  foot-tons,  an  energy 
about  as  great  as  given  by  any  gun  known  using  this  charge,  aud  de- 
ridedly  superior  to  the  Krupp  and  Italian  uning  heavier  charges. 

The  few  rounds  fired  have  developed  no  weakness  in  any  of  its  parts, 
and  its  tUrther  trial  should  be  prosecuted  without  delay,  as  it  is  of  the 
greatest  im[>ortance  to  tidly  test  in  this  higher  nature  the  principles  of 
constractiott  which  have  realized  for  us  so  sign^  a  success  in  guns  of 
Hmaller  caliber.  The  trial  of  a  gun  of  this  size  is  an  expensive  business, 
as  each  flre  costs  about  one  hundred  dollars ;  but  our  coast  defenses 
demand  these  monster  rifles,  and  the  necessar>'  trial  guns  cannot  be 
tested  for  endiiraoces  for  less  money. 

A  lO-inch  rifle  converted  &om  a  13-inch  smooth-bore  Rodmau  has 
been  fired  thirty-three  rounds  satisfectorily,  and  now  awaits  farther 
trial,  when  means  are  available. 
Tke  plan  of  eonveraum  heretofore  followed  is  known  as  the  muzzle- 
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insertion,  the  coiled  nronght-irott  tnbe  Uuing  being  inserted  from  the 
muzzle.  Defective  -welds  in  tlie  coila  are  tlie  only  elements  of  weakness, 
but  these  defects  are  grave,  as  it  is  imposaible  always  to  detect  them  in 
the  manufacture  of  the  tubes.  The  dragging  effect  of  the  shot,  as  it 
passes  through  the  bore  under  the  great  propelling  force  of  the  powder, 
is  liable  to  pull  the  tube  aiiart  at  a  defective  weld,  and  disable  the  gon. 
This  can  be  guarded  against  by  inserting  the  Unhuj  from  the  breech  and 
shoiUdering  the  tnbe  in  fhint  of  the  tmnnions,  thus  preventing  acci- 
dents at  those  points  along  the  bore  subjected  to  the  severest  strauis. 
An  8-iuch  rifle  so  converted — breech  insertion — has  been  fired  over 
seven  hundred  rounds  with  battering  charges,  and  remains  in  a  sound 
and  serviceable  condition,  showing  its  entire  success.  Tlie  erosions  and 
developments  of  welds  being  less  than  in  gnus  with  mnzzle  insertions, 
are  also  favorable  indications ;  and  this  plan  will  be  used  in  fiitorc  con- 
versions. 

The  fact  that  we  can  ntili7.e  our  10-inch  smooth-bore  guns  and  produee 
effective  and  reliable  8-inch  rifles  being  now  fiilly  established,  the  efforts 
of  the  department  are  naturally  and  necej^sarily  directed  to  the  fiirther 
application  of  conversion  in  order  to  provide  more  powerftU  riSes  by 
utilizing  our  15-inch  smooth-bores,  now  our  only  dei>endence  for  coast 
positions  requiring  the  heaviest  armament.  Plans  for  the  production  of 
an  11-impA  rife  by  the  conversion  of  a  15-inch  smooth-bore  have  already 
been  submitted  and  received  your  approval.  A  successful  test  of  such 
a  gmi  will  show  that  we  can  procure  at  a  \-ery  moderate  cost  a  rifle  of 
largely  hicreased  iwwer,  having  at  2,000  yards  an  energy  at  least  fifty 
per  cent,  greater  than  the  smooth-bore  tioin  which  it  sprinjrs,  and  which 
it  is  desigmil  to  improve^  At  l,.5O0  yanls  the  shot  would  penetrate  11.2 
inches  of  iron,  while  the  smooth-boi-e  shot  would  only  i)enetrate  7.5 
inches. 

Breeeh-loaditig  Siach  rifie. — In  my  report  of  1876, 1  rennirked  that — 

Whatever  lUffcrencea  of  ujiinion  niAy  uxist  or  ti>  t!ii'  relative  lueritM  nail  efficiency  of 
mtiizlf  and  bitfrh  lutuling  connou  i>f  Xaxy^:  raKlHT  (the  Enmier  Ih-iiik  pxclnsively  used 
in  EnglHud,  the  lattir  almont  niiiverBslly  artii|itiMj  on  tbe  eontini-nl  of  Europe),  there 
can  In-  no  qiieHtiou  that  in  caw-matt^i  worltH  tlie  Inttcr  B}-Hteiii  [kmhosbi'B  obviouB  aud 
liaranioiiut  uilvuntafcen,  such  advoiitHgieH  an  nro  K«n<^nilly  udmilteil  lu  detenuinini;  on 
the  proper  aniiHiDeut  fur  ahipa  of  war.  The  subject  has,  therefore,  uot  eseape«l  the 
■tt«ntion  of  tliia  di'partiuent,  aud  Ihu  Boai'd  on  Ex])eriDieiital  GtinH,  of  date  the  lOtk 
Jane,  l87o,  "  reeopiliing  breech -loading  rilli'S  for  caiwniate  wn-ire  to  lie  a  et*iit  de- 
■identnm,  iMilieved  that  a  jxirtioii  of  the  appi'opiialioii  should  lie  expendeil  in  this 
dlrectioii,"  and  rrcoinmende<l  "  that  a  anflieieul  hiiiu  he  used  for  the  eunveniiou  of  two 
liUuch  Rinooth-bore  Kixliuaii  eaKt-irou  giina  into  «-inch  l>reech-loH<liiiK  riflcn,"  wibnilt- 
ting  at  the  twine  time  ii|>eeiflc  pinna  uf  altenitiou,  Stv.  Tbe  want  «t  funds  available 
for  the  purpiiMi  iirevtinteil  any  action  thereou,  bill  i-xixrinif  nts  to  di-tiTiiiiiie  the  feasi- 
bility of  eonvf  rtiug  suiueof  our  8ni<iotb-lHin!  RodiuaiiN  into  breech-kindiug  rifles  should 
be  undertaken  nt  un  early  day. 

Since  that  time  an  8-incli  breech  loading  rifle  has  boon  made  by  lining 
a  lOincli  smoothbore  ^ith  a  steel-jackcteil  coiled-wrought-irou  tube  in- 
serted from  the  breech,  the  jacket  being  pix)longed  to  the  i"ear,  thns 
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adapting  it  to  receive  its  round  wedge  fermeture.  It  haa  been  fired 
tMrty-fonr  rounds  with  batteriug  charges,  and  now  awaits  further  trial. 
Its  tboroagh  trial  is  a  matter  of  grave  importaQce,  as  its  success  will 
sliow  onr  ability  to  engraft  the  thoroughly  tested  and  approved  system 
cX fermeture,  made  £amous  by  Krupp,  upou  our  converted  cast-iron  guns, 
and  afford  strong  evidence  that  we  can  use  it  in  any  desired  original 
breech-loading  construction  of  caat  iron,  and  for  the  heaviest  caliber. 

Experimental  gvnn. — On  the  15th  April,  1878, 1  had  the  honor  to  recom- 
mend an  appropriation  of  (117,600  for  the  trial  of  ex]>erimentnl  guns 
procured  by  this  departmeut  niider  the  law  of  June  C,  1872.  My  recom- 
mendation, with  the  report  and  detailed  estimate  of  the  Ordnauto  Board, 
receh-ed  yonr  approval,  and  was  submitted  to  Congress  favorably  in- 
dorsed.   'So  action  was  taken  uyHtn  it. 

These  guns  were  prepared  several  years  ago,  upon  the  reeommendation 
of  a  board,  and  under  a  specific  provision  of  law.  On  the  20tli  January, 
1875,  tbe  President  s^it  a  special  message  to  Congress  on  the  subject  of 
armament  of  fortifications,  inclosing  a  special  report  from  the  Chief  of 
Ordnance,  and  recommending  (250,000  "  for  proving-ground  and  experi- 
ments and  tests  of  heavy  ordnance."  In  that  report  I  stated  that  the 
gnus  "designated  by  a  board  of  ofiicers  appointed  by  the  Secretary  of 
War  •  •  will  probably  be  ready  for  trial  in  the  early  spring."  "Funds 
necessary  for  this  purpose  should  be  appropriated."  When  the  suudry 
civil  bill  was  under  discussion  in  the  House,  the  President's  message 
and  my  report  were  quoted  from  in  favor  of  an  appropriation  for  testing 
these  gnns,  but  the  House  refused  to  make  an  appropriation.  In  my 
annual  report  of  1876, 1  again  called  special  attention  to  this  subject. 
During  the  last  session  another  effort  was  made,  aa  above  stated,  and 
amendments  covering  tbe  estimate  were  submitted  in  both  Senate  and 
Hooae,  but  no  appropriation  was  made.  This  matter  is  again  brought 
to  the  attention  of  Congress,  in  the  hope  that  the  necessary  funds  will 
be  given  fw  these  very  important  trials. 

Ftutt. — ^Tbe  war  having  left  us  with  all  sorts  of  ftises,  but  with  no  sin- 
gle one  exhibiting  any  marked  superiority  over  all  others,  it  was  deemed 
of  the  first  importance  to  carry  out  a  course  of  experiments,  and  make  a 
thorough  investigation  of  the  subject.  The  Ordnance  Board  has,  ftom 
tine  to  time,  made  trials  of  the  varieties  on  hand,  and  of  new  devices 
presented  by  inventors.  Ita  detoiled  report  is  submittwl.  While  no  de- 
cided superiority  in  favor  of  any  one  has  been  establishes!,  much  has  been 
done  in  clearing  the  field  of  examination  of  those  without  merit,  and  con- 
fining fhtnre  studies  and  trials  to  narrower  limits. 

Tke  Machine  gun  as  an  auxiliary  arm  is  au  established  fact  in  all 
anniea,  and  the  interest  that  has  attended  the  success  of  the  Galling  gim 
daring  the  past  decade  has  stimulated  invention  in  that  direction,  so  that 
Buuiy  new  devices  have  been  pressed  ui>on  the  attention  of  this  depart- 
n«nt  foK  trial  and  recognition.  The  last  two  tried  by  the  Onlnance 
Board  at  Sandy  Hook  were  tbe  Lowell  Battery  Ouu,  caliber  .45",  and 
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the  Taylor  Battery  Gun,  caliber  .43",  and  the  reporte  are  herewith 
Buhmitted. 

Of  the  Lowell,  the  board  was  so  well  impressed  with  the  merits  of  th» 
gnn  aa  to  recommend  that  a  nnmber,  with  all  the  latest  improvemeDts^ 
be  procured  for  trial  in  the  field  in  comparison  with  the  Gathngs  now  in 


Of  the  Taylor,  while  commending  the  ingeuuity  of  Its  oonstraction,  the 
board  did  not  approve  of  its  feeding  arrangement,  which  will  require 
material  modification  and  improvement  before  any  fiiither  action  can  be 
taken. 

I  cannot  close  this  snmming  up  without  commending  the  most  valua- 
ble labors  and  services  of  the  members  of  the  Ordnance  Board — Colonela 
Crispin,  Treadwell,  aud  Baylor,  and  Captain  Phipps,  recorder — in  the 
many  important  matters  committed  to  them  for  investigation  and  deter- 
mination. In  an  enpecial  manner  do  I  wish  to  give  fidl  measure  of  credit 
to  Lieut,  Col.  S.  Crispin,  for  his  distinguished  services  as  Constructor  of 
Ordnance.  To  his  large  practical  experience,  great  technical  knowledge, 
clear  and  comprehensive  intellect,  do  I  attribute,  in  a  marked  degree,  the 
decided  success  that  has  crowned  our  endeavors  in  improving  the  arma- 
ment of  o\M  coast. 

POWDER  MILL  AND  DEPOT. 

I  again  renew  my  recommendation  for  an  appropriation  of  $100,000 
for  the  establlshnieut  of  a  powder  mill  for  the  maoufacture  of  gun- 
powder, aud  a  depot  for  its  storage  and  preservation.  Our  principal 
storage  room  is  found  in  damp  and  unsuitable  magazines  and  casemates 
of  our  forts,  where  the  gunpowder  deteriorates  very  rapidly.  Well-con- 
structed magazines  in  a  proper  locality  would  in  a  few  years  save  the 
cost  of  their  erection  by  preventing  this  deterioration  and  loss. 

ORDNANCE  NOTES. 

I  have  the  honor  to  invite  attention  to  several  interesting  papers 
herewith,  on  instruments  and  material  used  by  the  department,  on  ex- 
periments, investigations,  and  discussions  in  connection  with  gunnery, 
and  other  matters,  which  give  an  insight  into  the  labors  of  the  depart- 
ment and  the  varietj'  of  subjects  that  come  within  the  field  of  study  of 
an  ordnance  ofBcer. 

These  papers  have  been  selected  as  of  importance  to  the  service,  and 
I  desire  to  give  proper  credit  to  Majors  Lyford  and  Farley,  Captain 
McEee,  Lieutenants  Metcalfe,  Smith,  Lyle,  aud  Kussell,  for  such  valua- 
ble contributions. 

LIEUTENANT  LYLE'S  REPORT  ON  LIFB-SATING  APPARATUS,  ETC. 

Early  in  1875  the  Secretary  of  the  Treasury  applied  for  assistance  id 
prosecuting  experiments  for  improving  the  life-saving  apparatus  used 
in  this  country,  then  under  the  charge  of  Capt.  J,  H.  Merrymau,  U.  S. 
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Revenue  Marlue.  Ou  my  recommeDdation,  tlie  Secretary  ofWar  di- 
rected that  the  Board  od  Ex))erimental  Guiis,  tliea  in  session  in  New 
York,  be  charged  with  this  duty,  the  experiiueut^  to  be  conducted  at 
Sandy  Hook,  N.  Y.  Their  many  important  and  special  duties  not  ad- 
mitting of  as  close  an  application  to  this  matter  as  its  importance  and 
the  exigencitiii  of  its  service  demanded,  it  was  decided  to  place  the  en- 
tire subject  in  charge  of  one  officer  as  a  special  service.  In  Jnne,  1877, 
Lient  D.  A.  Lyle,  Onlnance  Departuieut,  was  "specially  assigned  to 
tbis  duty,"  and  his  very  interesting  and  valuable  report  is  herewith 
submitted. 

The  objects  of  tbetie  experiments  are  as  followH :  To  exteud  the  range  of  the  Bliot- 
Hn»;  to  determine,  if  pundble,  tbe  proper  I'orm,  caliber,  oiid  kind  of  gun  or  mortar 
bt«t  suited  for  life-saving  purpoeea;  to  reduce  tbc  n-eigbt  of  such  apiiaratiis  to  the 
Bunimmn  Bmoaut  couHistent  with  efficiency ;  tonecure  a  shot-litio  of  such  aixe,  niaterial, 
and  strength  aa  will  be  most  valuable ;  to  determine  the  kind  and  quaiititjr  of  pow- 
dtrto  be  used,  and  the  ehaigea  that  oan  be  enitiloyed  with  safety  for  the  ho  vera!  lineH; 
to  secure  the  bcMt  form  and  size  of  fakiug-l>ox;  auil  to  And  the  bust  relative  positions 
fur  the  fakiiig-lKix  and  the  gun. — Siiperinlr»dinl  Kimbairi  Report  of  \(m  on  Life-tming 

^^'hile  Lieutenant  Lyle  lays  little  claim  to  any  great  originality  in  the 
ifflpmrements  and  changes  suggested,  his  ability,  industry,  and  research 
hare  accomplished  much  of  present  great  value,  and  which  will  materi- 
ally aid  in  future  experiments  and  development.  The  extraordinary 
range  attained  by  him  with  his  improved  shot  and  line  of  694^  yards  is 
greater  than  any  range  heretofore  obtained  either  in  this  country  or 
ahroad.  It  gives  me  great  gratification  to  be  able  to  record  so  much 
!«ncce88  in  so  short  a  period,  by  an  officer  whose  attention  was  first 
drawn  to  this  new  field  of  research  but  twelve  months  ago.  This  de- 
partment is  now  8uper\'ising  the  construction  of  guns,  carriages,  faking- 
boxes,  &c.,  and  I  have  reason  to  believe  that  the  assistance  already 
rendered  to  the  Life-saring  Service  is  deemed  of  sufficient  value  to  justify . 
its  continuance. 

SnUTIA. 

Article  1,  section  VIII,  of  the  Constitution  empowers  Congress  "to 
provide  for  organizing,  arming,  and  disciphning  the  militia,"  &c. 
The  Revised  Statutes,  section  1661,  provide  that — 

The  annnal  eum  of  two  hundred  thonsand  dollars  is  appropriated,  to  be  paid  out  of 
•Of  money  in  the  Treasnry  not  otherwiHe  appropriated,  for  the  purpose  of  providing 
tnne  Mid  eqaipments  for  the  whole  body  of  the  militia,  either  by  purchaae  or  manu- 
Ewture,  by  or  on  ai^count  of  th^  United  States.— ^cf  of  8M  April,  ISOS, 

The  latest  published  returns  of  the  militia  force  give — 

Orguiited 93,697 

Cnorganiied S.TM.OW 

The  present  annual  appropriation  of  #200,000  is  insnfflcient  to  provide 
the  arms  and  equipments  necessary'  to  encourage  the  formation  of  new 
orgamzations,  and  to  keep  the  organized  force  in  proper  condition.  This 
amoont  ought  to  be  largely  increasetl.     New  organizations  ought  to  be 
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encouraged  and  fattered  by  every  means  possible.  Tlie  whole  body  of 
the  militia  ought  to  be  organized  and  diHciplined  as  the  Constitution 
provides  it  should  be,  and  ample  iirovision  should  be  made  for  arming 
and  equipping  new  organizations  as  rapidly  aa  they  are  formed.  Until 
tbe  militia  is  thus  placed  on  a  i>roper  footing,  in  condition  to  be  effi- 
ciently handled  ^^■hen  calle<l  out,  a  standing  army  of  some  magnitude 
cannot  be  dispensed  with.  Tliis  matter  deserves  and  should  receive  the 
serioas  attention  of  Congress. 

The  act  approved  Martrh  3,  1873,  pro\ide8  that,  under  certain  condi- 
tions, credits  be  given  to  the  several  States  and  Territories  for  the  sums 
charged  to  them  respectively  for  arms,  &c.,  which  were  issued  to  them 
between  January- 1,  18C1,  and  Ai»ril  9, 1865,  and  charged  against  their 
quotas  under  the  law  for  arming  and  equipping  the  militia.  It  is  mmle 
the  duty  of  the  Secretary  of  War  to  refuse  a  credit  "  if  he  shall  find 
that  any  of  said  arms  or  ordnance  stores  have  been  sold,"  &c.  At  the 
close  of  the  war  some  of  the  States  sold  portions  of  the  arms,  &c.,  in 
their  t»oe«essiou,  realizing  but  a  jiortiou  of  the  values  charged  against 
them  on  the  books  of  this  office.  Tlie  arms  ought  not,  in  my  opinion,  to 
have  iM-en  charged  to  the  States  on  tlieir  quotas,  but  should  have  been 
accounted  for  as  issues  to  the  Army,  and  the  loss  of  values  should  have 
fallen  on  the  Uniteil  States.  It  seems  to  me  that  these  charges  against 
individual  States  ought  to  be  i-emoved,  and  that  the  spirit  of  the  law  of 
1875  be  extended,  so  as  to  permit  credits  to  be  given  States  for  the  dif- 
ference between  the  prices  charged  and  the  prices  realized  ft^m  sale.  I 
re8i«M;tfulIy  recommend  a  modillcation  of  the  act  of  March  3, 1875,  in 
this  reganl, 

During  the  last  fiscal  year  the  following  arms  were  issued  under  tlie 
law  of  July  3, 1876,  pro\nding  for  certain  issues  to  the  Territories  and 
States  Iwrdering  thereon :  Oregon,  300  arms,  10,040  cartridges ;  Idaho, 
2,000  rifles,  100,000  cartridges ;  and  under  the  same  act  (since  Ist  July), 
and  during  the  recent  Indian  distiu-bances  in  that  section  of  countrj-,  to 
Oregon  013  arms,  72,928  cartridges. 

The  act  of  May  10, 1878,  and  joint  resolotion  of  June  7, 1S78,  increased 
the  number  of  arms  permitted  to  be  issued  to  tbe  Territories  by  the  act 
of  1876  from  500  to  2,000,  with  necessarj-  ammunition.  The  pro\isiou 
of  these  laws  enabled  this  department,  during  the  recent  Indian  troubles, 
to  issue  to  Washington  Territory  1,373  rifles,  87,462  cartridges. 

Colleges. — Section  1225  Ee^-ised  Statutes,  as  amended  by  act  of  July 
5,  1876,  authorizes  the  issue  of  arms,  artillery;  &c.,  to  colleges  where  an 
officer  of  the  Army  has  been  detailed,  the  niunber  not  to  exceed  thirty, 
&c.  The  law  calls  for  material  modifications.  There  should  be  more 
permanency  in  the  detail,  and  in  the  institution  that  is  to  receive  these 
benefits.  A  college  that  is  to  be  provided  with  an  officer  and  arms 
should  l»e  specially  desigimted  by  the  legislatiu^  of  the  State  intei'e8te<l, 
and  ser^^<!«  at  a  college  ought  not  to  be  optional,  bnt  be  consideretl  a 
militarj-  duty  to  which  all  officers  are  liable.    Governmental  snper^-isiou 
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and  insiteetion  of  these  colleges  to  the  extent  of  the  military  training, 
discipline,  aiwl  study,  shonlil  be  a  condition  attached  to  the  acceptance 
of  the  liberality  of  the  general  govemmeTit.  The  providing  of  officers 
and  arms  make.s  these  colleges,  in  a  sense,  a  jrortioii,  and  a  very  import- 
ant portion,  of  the  military'  establishment,  becanse  of  the  direct  inflaenoe 
they  will  exercise  over  the  efficiency  of  the  militia;  supplying,  as  they 
will,  from  year  to  year,  a  nnmber  of  competent  instnictors  in  all  that  is 
necessary  to  make  men  good  soldiers,  and  keeping  alive  the  military 
spirit  of  the  nation  through  the  enthusiasm  of  the  young.  I  recom- 
mentl  that  Congress  be  asked  for  further  legislation  on  this  subject. 

I-AIDLEY'S  CAViXET  FOBGE. 

Upon  the  intimation  of  the  Cavalry  Board  that  a  cavalry  forge  for 
that  8er\-ice  was  a  necessity,  one  was  devised  by  Col.  T.  T,  S.  Laidley, 
Ordnance  Department,  and  manufactured  at  the  Watertown  Arsenal 
under  his  personal  sn|>er^'ision.  Being  sent  into  the  field  for  trial — a 
smithshop  on  wheels — its  merits  and  capacity  were  proved  so  conclu- 
sively, during  a  summer's  hartl  campaign  with  a  large  command  having 
many  animals  and  wagons,  that  Colonel  Slerritt,  Fifth  Cavalry,  asked 
that  one  be  issued  to  each  company  of  the  regiment.  Last  January 
twelve  were  ordered  to  be  maile,  and  in  May,  by  direction  of  the  Gen- 
eral of  the  Army,  they  were  distributed  among  the  regiments  of  cavalry. 
Since  then  others  have  been  called  for,  and  are  now  being  manufactured 
for  issue. 

HOTCHKISa  MOUNTAIN   BREECH-LOADINO   EIFLE. 

Early  in  1876,  Colonel  Miles,  Fifth  Infantry,  suggested  that  a  light 
field-gun  weighing  less  than  500  pounds  be  provided  for  sen-ice  on  the 
pl^ns,  to  replace  the  obsolete  monntain  howitzer.  The  subject  was 
Rubmittetl  to  the  Ordnance  Board  for  consideration,  with  the  remark 
''that  a  rilled  gun,  probably  a  breech-loader,  that  can  travel  with  cav- 
alry, and  has  an  effective  shell  range  beyond  that  of  rifled  smalt-anna, 
not  less  than  1,500  yards,  would  probably  meet  the  requirements  of  the 
9er\-ice.''  WTdle  under  consideration,  Mr.  B.  B.  Hotchkiss  presented 
for  examination  and  trial  a  light  breech-loading  rifle  that  gave  promise 
of  efBcient  service  on  the  frontier,  aud  fulfill  the  conditions  of  mobility, 
range,  and  accuracy.  One  was  procured  and  issued  to  the  Department 
of  Dakota  in  1877,  and  used  in  the  field  that  summer.  It  weighs  116 
pounds,  and  its  caliber  is  1.6S  inches.  It  uses  a  charge  of  6  ounces  pow- 
der, and  a  percussion  shell  weighing  2  pounds.  While  many  defects  in 
its  mechanism,  and  in  the  carriage  and  ammunition,  have  been  pointed 
out  ^ter  the  experience  of  a  campaign,  showing  that  modifications  are 
desirable  to  add  to  its  effectiveness,  it  did  excellent  work.  I  am  in- 
fonned  that  Colonel  Miles  expressed  himself  as  satisfied  that  it  had 
rendered  efBcient  service,  and  was  a  valuable  weapon.  With  all  its 
defects,  others  have  been  called  for,  and  the  five  now  in  possession  of 
tbe  department  will  be  issued  to  the  troops. 
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CLEBICAL   FOBCE. 

Attention  IK  reHi>cctfiill,v  iiiAntf^d  to  my  estimate,  afi^iii  made,  asking 
fur  six  clerk»  in  additiou  to  the  present  vlerical  force  of  this  buivau. 

This  etstiiiiate  conforms  to  the  number  and  grades  for  which  appro- 
priation was  made  for  the  fiscal  yenr  emliiig  June  ;W,  1S76,  which  force 
■w»8  barely  snftif^ieut  to  ti-ansact  tlie  biiRiiie»s  of  this  office  promptly  and 
efficiently. 

The  present  clerical  force  in  insufficient  toti-ansact  the  business  which 
by  law  is  devolved  on  this  ofliee.  At  this  time  over  four  thousand  pro]>- 
erty-retiuTis  remain  uusettletl.  This  delay  in  the  exannnation  and  t»djuat- 
ment  of  the  property  accountability  of  officers  of  the  Army  is  often  the 
cause  of  injustice  to  officers  and  of  pecuniary  lo.ts  to  the  United  States. 
Other  imimrtant  office  work  is  also  delayol. 

To  Rive  some  idea  of  the  clerical  work  done  in  this  office  duriiij;  the 
past  twelve  months,  the  following  statement  U  submitted: 
NLimbiT  of  I'aali  acL'OiiiitA  nf  dUbiiniinii;  nffircrHoxiiniiiKMl  nii<l  rotniiriluil  to  tlip 

Hcconutiiif;  officers  of  the  Tresiury  for  sf  ttlemeiit 219 

Niimlierof  jimiMTty  ru turns  exam iiinrl 2,507 

Niimbor  of  pnijirrtj  returuH  aiiilittil  and  rloHcil 1. 770 

Nnmber  of  rP(|niHitionH  receive*!  from  the  Army  nncl  actfil   utxm 1,438 

Kiimtier  of  Te]KirtB  rci-pivcd  from  tlicaniiort',  HrwiinlH,  niid  the  Aniiy,  on  iiiiiiii]- 

fitctiire,  triitlH,  anil  ti«t»  of  war  uiat^'rialH,  &i:,  anil  acte<l  ii|>oii 2,7ii."> 

Number  of  iPtfiTB  received 19,641 

Number  of  letti^ra  written  and  wnt 18,995 

Niimlicr  of  onlcTN  sent  to  the  variouH  Hrsennln  for  the  iwHUe  of  Hll]i]ilii'ii 1,849 

Number  of  blanlrH,  piibtiu  documents,  and  other  priuted  matter  for  the  nw  hiiiI 

inforraatiou  of  the  military  estubUHhiiieiit,  &e.,  [irepared  and  diHiributed. . .     Xi,554 

This  office  is  di\ided  into  three  di\i8ioiis,  each  re<)Hiiing  a  clerk  of 
great  expeiieuce  and  knowledge  in  charge,  and  the  (chiefs  of  these  divis- 
ions have  lH>eu  and  should  now  l>egi'a4le<liindpaid  as  fourth-class  clerks* 

I  have  the  honor  to  submit  the  following  paiien*,  hewtofore  referred 
to: 

Appendix  A. — Statement  of  priuciiial  arti<^lefl  jtrocured  by  purchase 
and  fabrication  at  the  arsenals  during  the  year  ended  June  30, 1878. 

Appendix  B. — Statement  of  ordnance,  onlnance  stores,  &c.,  issued  to 
the  military  establishment,  exclusive  of  the  militia,  during  the  year  ended 
June  30,  1878. 

Appendix  C. — Apportionment,  for  the  fiscal  year  euded  June  30,  1878, 
of  the  annual  appropriation  of  t200,(K)0  for  arming  and  equipping  the 
militia,  under  sections  1661  and  1667  llevised  Statutes. 

Appendix  D. — Statement  of  ordnance,  ordnance  stores,  &c.,  distributed 
to  the  militia  from  July  1,  1877,  to  June  30,  1878,  under  section  1667 
Revised  Statutes. 

Appendix  E. — Statement  of  onlnance,  ordnance  stores,  &c.,  distributed 
to  colleges  from  July  1, 1877,  to  June  30,  1878,  under  section  1225  E«- 
vised  Statutes. 

Appendix  F. — Statement  of  ordnance  stores,  &(•..,  distributed  to  the 
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Territories  ami  States  bordering  thereon,  ft«ni  July  1,  1877,  to  June  30, 
1878,  uiiiler  the  joint  resolutions  of  July  3,  1870;  Marcli  3, 1877;  March 
9  and  June  7,  1878. 

AppeHiHr  O. — Showing  stations  and  dutiea  of  the  officers  of  the  Ord- 
nance Department  on  the  30th  of  June,  1878. 

Appendix  H. — Electtical  intemiptei'. 

Appeitdix  I. — The  application  of  formulas  and  general  tables  to  prob- 
lems in  praf'tioal  gnniierj'. 

Appaulix  K. — ^lauufacture  and  classiJlc/atiou  of  leather. 

Appendix  L. — Euroi>ean  rifled  siege  howitzers  and  mortars. 

Appeiulix  Jf. — Penetrating  jwwer  of  projectiles. 

Appendix  X. — Recoil  dynamometers. 

Appendix  y. — Tests  of  lubricants  for  machinery. 

Appendix  N*. — Tests  of  cartridge  metals. 

Appendix  0. — Anomalies  of  small  arm  pi'actice. 

Appendix  P. — Life-saving  apparatus. 

Appendix  Q. — Beport  of  the  Ordnance  Board  on  the  experimental  guns 
lirwared  under  act  of  July  6,  1872,  with  estimate  for  their  exhaustive 
trial,  as  contemplated  by  law. 

Reports  of  the  Constructor  of  Ordnance,  \tz: 

Appendix  E. — Construction  of  12.25-iuch  muzzle-loading  rifles. 

Appendix  R^. — 10-inch  muzzle-loading  rifle,  converted. 

Appendix  IP. — Converted  8-iuch  muzzle- loading  rifle,  breech  iusertioa 
of  tube. 

Appendix  IP. — Converted  S-inch  breech-loading  rifle,  round  wedge 
fermetare. 

A^endix  R*. — Carriage  for  8  iuch  breech-loading  rifle  (alt«red  from 
a  harl>ett«  carriage  for  10-inch  smooth-bore  gun). 
Reports  of  the  Ordnance  Board,  viz ; 

Appendix  8. — ^Trial  of  the  Lowell  battery  gun,  caliber  .45". 

Appendix  8' — Trial  of  the  Taylor  battery  gun,  caliber  .43", 

Appendix  S'. — Trial  of  various  flises,  with  description  thereof. 

Appendix  S'. — Trial  of  8-iucb  muzzle-loading  rifle,  breech  insertion  of 
tube. 

Appendix  fif.— Trial  of  the  12.25-inch  rifle. 

Appendix  S'. — Trial  of  the  lO-inch  muzzle-loading  rifle,  No.  1. 

Appendix  5*. — Trial  of  the  8-inch  breech-loading  rifle. 

Appendir  T. — Report  of  the  Board  of  Officers  convened  in  conformity 
with  the  act  of  No%'emt>er  21,  1877,  to  select  a  magazine-gnu  for  the 
military  service. 

1  have  the  honor  to  be,  very  respectftdly,  your  obedient  eervaut, 
S.  V.  BENfiT, 
Brigadier-General,  Chi^ of  Ordnance. 
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APPENDIX  A. 

SlatemaU  of  principal  articles  procured,  by  fabrication  at  *A«  arsenals  ani 
i^  purchase,  during  the  year  ending  June  30,  1878. 

Class  I. 

17  Gatling  gnus,  caliber  .45,  5  barrels,  short. 

11  Gatling  guns,  caliber  .45,  10  barrels,  long. 
1  Lowell  battery  gun,  caliber  .45. 

1 12.2o-incli  rifled  gun. 
39  coiled  wrought-iron  tubes  for  S-incb  converted  rifles. 

Class  II. 

36  carriages  and  limbers  for  Gatling  guns,  caliber  .45. 
53  tripods  for  Gatling  guns,  caliber  .45. 

12  cavali;  forges,  Laidley's. 

Class  III. 

10  backets,  various. 
2, 145  feed-cases  for  caliber  .45  Gatling  gvns. 
1,000  feed-tubes  for  Lowell  battery  gun. 

42  gun-covers,  various. 

30  handspikes,  trail. 
286  paulins,  12  by  15  feet. 

4  paulins,  20  by  30  feet. 

1  pendulum  hansse,  S-iuch. 

6  punches  for  pendulum  bausses. 

2  quoins. 

2  rammers  and  staves  for  8-inch  rifle. 
100  securing  stakes. 
42  sponges  and  rammers,  various. 

5  spongea  and  staves,  various. 
22  sights  for  cannon,  varions. 

6  cannon- spikes. 

7  tangent  scales. 
102  tompions,  various. 

41  vent-pieces. 

12  fuse-plug  wrenches. 

24  parts  of  artillery  implemeutfi. 

Classes  rV  and  V. 

90  6-pounder  shot,  fixed. 

25  6-pounder  case. 

46  12-pounder  shells,  fixed. 

25  13-ponuder  ease.  * 

348  24-poaQder  howitzer  shells,  fixed. 
900  1.65-iucb  Hotchkiss  shells. 
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25  3-mcli  Bntler  shells. 
200  3-ineIi  Hotchkiss  sheUs. 
1, 100  3-inch  Hotchkiss  case. 
1,  ISO  3-iiicli  Hotchkiss  cauister. 
Ij  005  3-inch  Sawyer  canister, 

50  3.15  inch  shells. 

25  3.5-inch  Butler  shot. 

26  3.5-inch  Butler  shells. 

50  3.67-inch  Hotchkiss  canister. 

10  4.5-inch  Hotchkiss  cauister. 

11  4.5-incli  Sawyer  canister. 
202  8-iiich  BuUer  shot 

5  8-incb  Denuet  shot. 
23  8-incb  experimental  shot. 
15  8-iDeh  experimental  canister. 
20  8-inch  Sawyer  canister. 
50  10-inch  Bntler  shot. 
30  12.25.inch  Bntler  shot. 


2, 000  Springfield  carbines,  caliber  .45. 

9, 954  Springfield  rifles,  caliber  ,45. 

1, 050  Springfield  "  cadet "  rifies,  caliber  .45. 

1  Springfield  officer's  rifle,  caliber  .45. 

2  Schofield's  Smith  and  Wesson  revolvers,  caliber  .45. 

Clabh  vn. 

'i,  702  sets  infantry  equipments. 

100  graduatetl  felt  saddle-cloths. 
10,005  saddle-blankets. 

3, 000  currj--combs. 

2, 922  sets  knives,  forks,  and  spoons. 

7, 875  meat-ration  cans, 
18, 552  appendages  for  small-arms. 

Class  VUI. 

26, 358  cartridge-bags,  filled,  varioas. 
3,940,451  rifle  ball-cartridges,  caliber  .46. 
766,200  carbine  ball-cartridges,  caliber  .46. 
786, 202  revolver  ball-cartridges,  caliber  .45. 
106, 800  revolver  blank  cartridges,  caliber  .46. 
1, 000  rifle  ball-cartridges,  caliber  .50,  experimental. 
,33, 700  lead  balls,  caliber  .45. 
10, 000  pounds  English  pebble  powder. 
90, 300  pounds  hexagonal  powder. 
1, 952  pounds  rifle  powder. 
2,110  electric  cannon -primers. 
121, 750  friction-primers. 

102  fuses,  experimental,  various. 
600  signal-sheUs. 
5, 000  cartridge-primers,  experimental. 
200  fuse-plugs,  brass. 
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"     Class  IX. 
103  blocks,  varions. 
t&  chocks,  various. 
1  cradle  for  lO-incb  gun. 
1  gnu-rest 

1  hand-cart. 

2  intrenching  tools. 

8  platforms  for  mortars. 

7  platforms  for  siege-carriages. 
39  rollers,  various. 
43  shifting-planks. 

1  set  stegiiig-plauks  for  gun-lift. 
16  skids. 

2  sheaves  for  siege-gin. 
28  tmnnion-riiigs. 

1  truck,  Ball's  improved. 
5  hydraulic  jacks. 

38  loading-cranes. 

2  poles  for  sllog-carta. 
1  wheel  for  sling-cart 

Class  X. 

938  sabots,  various. 

300  tin  straps,  varions. 

340  plugs  for  trowel-bayonets. 
33, 624  spare  parts  for  small-arms. 
97, 750  parts  of  infentry  equipments. 
2, 880  parts  of  cavalry  accouterments. 
52, 285  parts  of  horse  equipments. 
52, 985  cartridge-bags,  empty,  varions. 
20, 900  cartridge-shells,  caliber  .45,  exjienmental. 

Miscellaneous. 
644  ann-chests. 
3,775  boxes,  packing,  wood. 

648  )x)xes,  packing,  tin. 
1,901  bolts  and  nnts,  various. 
96, 444  pounds  barrel-molds. 
1, 488  tin  cans. 

3  cartridge-gauging  machines. 
1  cartridge-heading  machine. 

1  cartridge-stamping  machine. 
3  cartridge- weighing  machines. 

1  bullet-making  machine. 

2  bullet-lubricating  machines. 
1  drilling  machine. 

1  groo™g  machine. 

1  cutter  grinding  machine. 

1  chain-link  machine. 

1  milling  machine. 

1  metal-testing  machine. 

1  oil -testing  machine. 

1  machine  for  making  canteen-rings. 

1  mortising  machine. 

1  hydraulic  punching  machine. 

1  cold-pressing  and  stamping  machine. 
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1  screw-slotting  machiue. 
1  slotting  macMne. 
1  shaping  machine. 

1  recoil  dj'namometer. 

2  lathes. 

3  sets  standard  gauges  for  cartridges. 
13  sanii)le-t>oard8,  various. 

1  star-gange,  ring,  and  points. 
1  ring-gauge. 
Id'J  boxes  leather  bhtcking. 
3, 000  poonds  hamess-oiL 
5  gallons  lacquer. 
215  cast-iron  heating-stoves,  for  quarteiiuaster's  dei>artmeiit. 
1  tool-chest,  armoi'er's. 
32  pounds  black  wax. 
24, 892  pounds  white  lead. 
10, 701  pounds  paint. 
2, 709  sides  leather. 
25, 593  pounds  leather. 
27,  C.^  pounds  roiie,  twine,  and  thread. 
292,557  i>ound8  iron  beams. 
78, 448  pounds  sheet-copiier. 
2, 810  tons  coal. 
6, 480  tools  and  utensils. 
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APPENDIX  B. 

Statement  of  ordnance,  ordnance  stores,  (6c.  Usued  to  the  military  e«tahlish- 
meHt  (except  the  militiaj  during  the  fiscal  year  ended  Jvne  30, 1878. 

Glass  I. 

3  Oatling  ganSf  caliber  .45,  long  barrel. 
10  Gatling  gaaa,  caliber  .45,  short  barrel. 
3  Gatling  guns,  caliber  .50. 

3  Oatling  gnoB,  caliber  1  inch. 
15  3-inch  rifled  guns. 

1  6-ponnder  bronze  gan. 

7  12-iK)under  bronze  guna 

2  13-poimder  mountain  ho^tzer. 
1 24-pounder  Ccehom  gun. 

Class  II. 

10  carriages  for  short  barrel  Gatling  gnn, 

7  carriages  and  limbers  for  long  barrel  Gatling  gun. 
2  caissons  and  limbers  for  Gatling  gnn. 
2  3-incli  carriages,  withont  limbers. 
12  3-inch  carriages  and  limbers. 
6  3-inch  caissons  and  limbers. 
2  4J-inch  carriages  and  limbers. 

1  6-i>onnder  carriage  and  limber. 

8 12-pounder  carriages  and  limbers. 

1 12-ponnder  prairie  carriage  and  limber. 

4  12-ponnder  mountain  howitzer  carriages. 

2  8-inch  siege  hoiritzer  carriages. 

6  limbers  for  12-pounder  carriage. 
4  24-poutider  mortar  beds. 

1  mortar-wagon. 

11  cavalry  forges,  Laidley's. 

2  portable  forges. 
1  traveling  forge, 

Class  in. 

3  baskets  for  mortar  implements. 
24  sponge  backets. 

35  tar  bnckets. 

98  watering  buckets. 

1  breech-sight  for  6-poimder  gnn. 

1  breech-sight  for  12-poander  mountain  howitzer. 

7  front-sights  for  3-inch  gnn. 

6  front-sights  for  12-ponnder  gun. 
3  front-sight  covers. 

1  front-sight  tap  for  12-ponnder  monntain  howitzer. 
14  forge- buckets. 

7  fiise-blocks. 
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15  fuae-cutteiB. 

2  fuse-extractors. 
6  fuse-gauges. 

10  fuBe-gouees. 
12  fiise-mallets. 

t>  fuse-plug  reamers. 

9  fuse-plug  wreiiches. 

8  fiise-saws. 

4  fuse-setters. 
21  fuse-wTeiiclies. 

1  gunner's  calit>erH. 
38  guQuer's  giiiilet«. 

9  gunner's  havei'sauks. 

3  gnnner's  levels. 

16  gunner's  jrincers, 

4  gunner's  quadrants. 
6  gunner's  sleeves. 

117  handspikes. 

20  sets  artillery  harness,  2  horses,  lead. 
12  sets  artillery  harness,  2  horses,  wheel. 

10  sets  harness  for  two  horses,  short  barrel  Gatliug  gun. 

6  sets  harness  for  mountain  howitzer. 
72  harness  sacks. 

74  lanyards. 

11  pack  saddles  and  bridles,  complete. 
26  pautins,  5  by  5  feet. 

Spaulius,  6  by  10  feet 
74  paulius,  13  by  15  feet 

2  pendulum  hausses,  6-i>ouuder  guu. 

12  penduliuu  hausses,  12-pouuder  guu. 
19  pendulum  hausses,  3-iuch  guu. 

29  pendulum  hausse  iwaches. 
18  {>eudulum  hausse  seats. 

4  pinch  bars. 

77  priming  wires, 
24  prolonges. 

1  quoin. 

8  rammers  and  staves,  8-iiich  guu. 
46  sponge  covers,  3-incli  guu. 

5  sponge  covers,  6-i)ounder  gun, 
34  sjionge  covers,  12-pounder  gup. 

15  sjKtuge  covers,  12-pouuder  mountain  howitzer. 

21  sponge  covers,  10-inch  gun. 

8  sponge  covers,  24-pounder  Coehom  mortar. 
68  sponges  and  rammers,  3-inch  gun. 

7  sponges  and  rammers,  6-i)ounder  gun. 
33  sponges  and  rammers,  12-iM)under  guu. 

10  sponges  aud  rammers,  12-i)ounder  mountaiu  howitzer. 

8  s)K>nge8  aud  rammers,  24-poiuider  Coehom  mortar. 

4  sponges  and  staves,  3-inch  gun. 
8  sponges  aud  staves,  8-inch  gun. 

5  BiK>nges  and  staves,  10-inch  gun. 

3  sponges  and  staves,  15-inch  guu. 
8  tangent  scales. 

1  telescope  sight  for  hea\"j'  gun. 
67  thumbstalls. 
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29  tompions,  3-mcli  gnn. 

23  tompions,  12-poimder  gun. 
i  tompions,  12-poimder  mountain  howitzer. 

1  tompioQ,  100-pounder  Parrott  gun. 
10  tompions,  8-incIi  gnu. 

17  tompions,  10-inch  gnn. 

12  tomplons,  15-incli  gnu. 

4  tompions,  24-ponn3er  Coehom  mortar. 
28  tow  hooks. 
34  tube  pouches. 

38  vent  covere. 

46  vent  pieces,  field  gun. 

31  vent  punches.  , ,      •*! 

6  vent  plug  taps.  .' ,.  W 

4  wipers  for  mortare.  ,  ■'JS 

27  worma  and  staves.  ^Cr 

13  adjusting  screw  wrenches. 

13  clamps  for  worm  gear. 
Sdrifts. 

054  feed  cases. 

30  Gatling  gnn  covera. 

2  gear  extractors. 

2  holders  for  wiping  rods. 
16  pin  wrenches. 

14  rear  gnide  nnt  wrenches. 

39  screw  drivers. 

2  screw  drivers  and  fork  wrenches. 
13  shell  drivers. 

2  shell  extracting  rods. 
20  wiping  rods. 

Classes  rv  amd  V. 

SO  6-poaiider  shot 

25  6-pounder  case. 

25  6-ponnder  canister. 
125  12-ponnder  shot-. 
525  12-pounder  shell. 
1, 204 12-ponnder  case. 
1,002  12-ponnder  canister. 
280  24-ponnder  shell. 
200  8-iuch  shot. 

50  S-inch  shelL 

50  8-inch  canister. 
100 15-inch  shot 
100  IS-inch  shell. 
236  3-inch  shot. 
1,140  3-inch  8heU. 
623  3-inch  case. 
520  3-inch  canister. 
100  30-ponnder  shot. 
100  30-ponnder  sheU. 
200  4f  inch  shell. 
100 100-pounder  shot. 
100  lOO-ponnder  shell. 
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Mvzzle-loadiHg. 

833  Springfield  ride-muBketa,  caliber  .58. 
2  smooth-bore  muskets 
10  rifle-musketB,  caliber  .5i. 

Breech-loadiag. 

143  Sharps'  carbiuea,  caliber  .50. 
100  Sharps'  carbiues,  caliber  .52. 

41  Springfield  carbines,  caliber  .50. 
764  Springfield  carbines,  caliber  .45. 
512  Springfield  rifies,  caliber  .50. 
1, 172  Springfield  rifles,  caliber  .45. 

5  double-barreled  shot-gnus,  cleaned  and  repaired. 

24  Semington  revolvers,  caliber  .44. 
410  Colt's  revolvers,  caliber  .44, 
658  Colt's  revolvers,  caliber  .45. 
182  Schofield's  Smith  and  Wesson  revolvers,  caliber  .45. 

14  artillerj-  sabers. 
271  cavalrj-  sabere. 

08  miisician's  swords. 

50  non-commissioned  officer's  swords. 

27  riflemen's  knives. 
605  trowel  bayonets. 

Class  VII. 

55  artillery  saber-belts. 

55  artillerj-  saber  beltplates. 

142  carbine  cartridge-boxes. 
963  carbine  cartridge  pouches. 

2, 154  carbine  slings. 
2, 225  carbine-sling  swivels. 
1, 343  pistol-cartridge  pouches. 
3, 482  pistol  bolsters. 

558  saber  attachments. 
1, 687  saber  belts. 
1,687  saber-belt  plates. 
106  saber  knots. 
5  sets  of  infantry  equipments. 
39  leather  bayonet  scabbards. 
1, 490  steel  bayonet  scabbards. 
634  trowel  l«iyonet  scabbards. 
98  brace  yokes. 
10, 315  canteens  and  straps. 

143  cap  pouches, 

5, 049  cartridge-boxes,  caliber  .4.5. 
177  cartridge-boxes,  caliber  .50. 

39  cartridge-boxes,  caliber  .58. 
354  cartridge  boxes,  No.  1. 
409  cartridge  boxes,  No.  2. 

39  cartridge  box  belts. 

39  cartridge  box  beltplates. 

39  cartridge  box  plates. 
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249  eaitridge  loops. 
1,007  canying  bracea. 
4,358  clothing  bags. 
2,768  coat  straps. 
8,490  forks. 
211  frogs. 
3,560  gun  slings. 
^821  haversacks. 
20  fcnapsacks. 
8,496  knives. 
10,201  meat  cans. 

3  musician's  steel  sword-scabbards. 
731  scabbards  for  intrenching  tools. 
399  shoolder  braces. 
8,489  spoons. 

5  sTTord  belte  and  plates,  non-commisBloned  omcera. 
7, 288  tin  cups. 
313  valises. 
616  valise  straps. 

56  waist-belts  and  plates,  non-commissioned  officer's. 
2, 564  waist-belts,  private's. 
2, 559  waist-belt  plates,  private's, 

43  ball  screws. 
1, 172  bmsh  wipers  and  thongs. 
316  headless-shell  extractors. 
3, 304  screw  drivers. 
121  spring  vises, 
332  tombler  punches. 
188  wiping  rods. 
82  wipers, 
2, 378  bridles,  curb, 
1,352  bridles,  watering. 
351  carbine-sockets. 
630  cruppers. 
6, 141  curry-combs. 
200  forage-sacks. 
3, 489  girths. 
7, 138  halters  and  straps. 
11,223  horse  brushes. 

144  horse-covers, 
10, 735  lariats. 
2, 297  links. 
7, 453  nose-bags, 
4, 600  picket-piiis. 
1, 100  BSfldles,  leather  covered. 
3, 236  Ba<l(Ue-bags. 
1, 458  saddle-blankets,  artillery. 
5,973  saddle-blankets,  cavalry. 

563  saddle-cloths,  felt. 
6, 158  side-lines. 
6, 405  spurs. 
7, 841  apur-straps. 
4,362  surcingles. 
2, 270  stirrups. 

3  stirrups  with  guidon  sockets. 
2, 313  stirrup  straps. 

-9  ,we.t  leather,.  ..„„.,GoOgIe 
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Class  VIII. 

SMALL-ASM  AXXXJUniOy. 

Paper  cartridges. 

901, 600  rifle  ball-cartridges,  caliber  .58. 

11, 000  rifle-ball  cartridges,  caliber  ,54. 
126, 000  carbine  ball-cartridges,  caliber  .52. 

69, 600  revolver  ball-cartridges,  caliber  .44. 
3, 000  revolver  blauk  cartridges,  caliber  .44. 

MetaJUe  eartridget, 

5, 000  Gatling  ball-cartridges,  caliber  1  inch. 
2, 000  Gcatliug  caoifitAT-caitridges,  caliber  1  inolL. 
101, 400  rille  ball-cartridges,  caliber  .60. 
13, 000  carbine  ball-cartridges,  caliber  .50. 
1, 487, 640  rifle  ball-cartridges,  caliber  .45. 
735, 200  carbine  ball-cartridges,  caliber  .45. 
314, 785  rifle  blank  cartridges,  caliber  .46. 
276, 374  revolver  ball-cartridges,  caliber  .45. 
120, 804  revolver  blank  cartridges,  caliber  .45. 
13, 640  percussion-caps. 
1,000  pounds  buckshot. 

A  mmunition  for  Jteld-gmu. 

100  blank  cartridges,  24-ponnder  howitzer. 
6, 210  blank  cartridges,  12-x>oander  mountain-howitzer. 
12,522  blank  cartridges,  12-pounder  gun. 
2, 620  blank  cartridges,  6-pouuder  gnn. 
11, 759  blank  cartridges,  3-iuch  gun. 
908  blank  cartridges,  1-pound  charge. 
2, 675  blank  cartridges,  ^pound  charge. 
110, 059  friction-primers. 
2, 602  fhses. 
29, 100  i>ounds  cannon  powder. 
7,000  pounds  mammoth  powder. 
15,270  pounds  mortar  powder. 

500  pounds  musket  and  rifle  powder. 
457  signal-rockets. 

Class  IX. 

14  blocks,  whole. 
25  blocks,  half. 

25  blocks,  quarter. 

10  blocks,  4  by  12  inches,  40  inches  long. 

15  blocks,  2  by  12  inches,  46  inches  long. 
7  blocks,  12  by  12  inches,  10  feet  long. 
3  iron  blocks,  double. 

3  iron  blocks,  treble. 

2  iron  blocks,  quadruple. 

1  set  staying-blocks. 

3  hand-carts. 

2  large  sling-carts. 
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22  giiii-chocka. 
40  roller-diocks. 
31  wheel-cliocks. 
I  gun-cradle. 

1  casemate-gill. 

2  siege-gins. 

431  intrencliing  tools. 
2  hydraulic  jacks. 

1  lifting  jack. 

11  platfonna  for  siege-carriage. 

2  platforms  for  mortar. 

3  differential  pulleys. 

12  long  rollers. 

13  short  lollere. 
43  shifting  planks. 
16  skids. 

1  sling  chain. 

1  sling  rope. 

3  stadia,  brass. 

2  tmnnion  loops. 

1  tninnion  rings. 

2  casemate  tmcks. 
1  store  track. 

Class  X— I.' 

6  butt-gear  pins. 

1  clamp  screw. 

12  extractor  hooks. 
6  extractor  pins. 
6  ftriug  pins. 
6  firing  plugs. 

4  locks. 

12  lock  epnugs. 
12  lock-siiring  screws. 
4  oscillating  double  worms. 

4  spiral  springs. 

CI.ASS  X— U. 

15  ammunition  chests. 

5  ammunition-chest  keys. 

3  axle  bodies  for  3-inch  carriages. 

6  axle  sleeves  for  altered  Id-iueli  carriages. 

2  caisson  stocks. 

2  chains,  Nos.  1  aad  2. 
63  cold  shut  links. 

15  escntoheon  sockets  for  10-inch  carriages. 
10  escutcheoQ  sockets  for  Id-inch  carriages. 
28  fellies. 

6  forks  for  3-inch  gun  limber. 

16  linchpins,  So.  1. 
8  linch  washers. 

4  iron  naves  for  3-inch  carriages. 
4  nave  bands. 

39  poles  for  field  carriages. 
4  poles  for  siege  carriages. 
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12  i)ole  yokes. 

2  pole-yoke-prop  rings. 

1  8plint«F  bar, 
56  spokes. 

6  straps  for  ammmution  chests. 

3  trail  stocks. 

4  thills  for  12  poTuider  moontain  howitzer. 
20  tire  bolts  and  sats. 

2  tire  bands. 

2  tongues  for  sling  carts. 
a  wasbera  and  nuts. 

15  wheels  for  Oatliug  gun  carriages. 
37  wheels  fbr  field  carriages. 

Class  X— m. 

16  artillery  bridles. 

17  artillerj'  collars. 

12  artillery  girths. 

29  artillery  halters  and  straps. 

6  artillery  saddles. 
73  rosettes  for  artillery  bridles. 

i  lashing  ropes. 

2  lead  traces. 
43  pole  pads. 
28  pole  straps. 

13  rammer-beads  for  6-pcnnder  gun. 

12  sponge-beads  for  6-pounder  gim. 

13  si>onge-head8  for  12-pounder  mountain  howitzer. 
i  sponges. 

107  sponges  for  3-incb  gnn. 
51  sponges  for  d-pounder  gnn. 
78  sponges  for  I3-pounder  gnn. 
35  sponges  for  13-pounder  mountain  howitzer. 
8  sponges  for  S-inch  gun. 

24  sponges,  spring  cover,  for  15-inch  gnn. 
Q  seats  for  drivers'  saddles. 

4  traces  for  tiatling  gnn  harness. 
2  wheel  traces. 

167  whips. 

Class  X— IV. 

200  sabots  for  Siuch  Bntler shot. 
260  sabots  for  15-inch  shot  and  shell. 
50  tin  straps. 

Class  X— VI. 

Parts  of  Springfield  rifles,  eaiiber  .50". 

MODEL  1866. 

10  ejector-spring  caps. 

25  ejector-spring-cap  screws. 
10  firing-pin  nuts. 

5  friction  springs. 

5  friction-spring  screws. 
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jO  hinge  screws. 
SO  binge-screw  nuts. 
10  hinge-Htrap  screws. 
5  rear  sight  bases. 
10  rear  sight  leaves. 
10  stocks. 

MODEL  1868. 
20  bands,  lower. 
20  bantla,  upper. 
3  band  swivels. 
12  band-swivel  screws. 
12  breech  blocks. 

23  breech-block-cap  screws. 
12  cam  latclies. 

7  cam-latch  springs. 

12  ejector  studs. 
25  ejector  springs. 

2  ejector-spring  spindles. 

24  extractors. 
7  firing  pins. 

7  firiug-pin  screws. 

7  firing-pin  springs. 
20  locks. 
20  lock-platea 

3  main-springa 
15  ramrods. 

60  ramrod  stops. 

62  rear  8i{;ht«. 

20  rear  sight  bases. 

20  rear  sight  leaves. 

20  rear  sight  leaf  screws. 

20  rear  sight  joint  screws. 

20  rear  sight  base  screws. 

20  rear  sight  slides. 

20  rear  sight  springs. 

3  sear  springs. 
40  side  screws. 

20  side-screw  washers. 

65  stocks. 

50  tang  screws. 

10  tips  for  stock. 

13  tumbler  screws. 

Parts  of  Springfield  riJU,  caliber  .45. 

995  baj'onets. 

152  bayonet  clasps. 

185  bayonet  clasp  screws. 

102  bayonet  clasp  stop  screws. 

240  trowel  bayonet  pings. 

73  lower  bands. 
776  upper  bands. 
147  band  sjirings. 

60  l»and  spring  swivels. 

4  band  tiwivel  hooks. 
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121  band  swivel  screws. 
2  band  swivel  pins. 
2  band  swivel  hook  pins. 
6  barrels. 

24  breech  blocks. 

98  breech  block  caps. 
336  breech  block  cap  screws. 

20  breech  block  screws. 

30  breech  screws. 

88  bridles. 
317  bridle  screws. 

28  bntt  plates. 

204  bott  plate  screws. 
65  cam  latches. 
734  cam  latcb  springs. 
22  cover  springs. 
22  cover  friction  springs. 
22  cover  ftiction  spring  screws. 
22  cover  stud  pins. 
50  ejectors. 
1,  780  ejector  springs. 
1, 242  ejector  spring  spindles. 
97  ejector  studs. 
308  e.\tractor8. 
1, 081  firing  pins. 
930  firing  pin  springs. 
467  firing  pin  screws. 

29  front  sights. 

25  gnanl  bows.' 

10  guard  bow  screws. 
375  guard  l»w  swivels, 
596  guard  bow  smvel  screws. 
284  guard  bow  nuts. 

36  guard  plates. 
514  guard  screws. 
162  hammers. 
132  hinge  pins. 

44  hinge  iiiu  studs. 
Hock. 

27  lock  iilates. 
637  main  springs. 
194  main  spring  swivels. 
242  main  spring  swivel  rivets. 
177  ramrods. 
509  ramrod  stops,  npjier. 

10  receivers. 
100  rear  sights. 
120  rear  sight  bases. 
419  rear  sight  base  screws. 
Ii35  rear  sight  base  springs. 
517  rear  sight  joint  iiins. 
.397  rear  sight  leaves. 
738  rear  sight  slides. 
666  rear  sight  slide  springs. 
943  rear  sight  slide  spring  rivets. 
141  sears. 
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324  sear  screTrs. 
513  sear  springs. 
324  sear  spring  screws. 
567  side  screws. 

93  side  screw  washers. 
283  stocks. 
134  swivel  bars. 
212  swivel  bar  rings. 

22  swivel  bases. 
22S  tang  screws. 

32  tips  for  stocks. 

83  tip  screws. 

54  thumb  pieces. 

6S  triggers. 
100  trigger  screws. 
164  tumblers. 
645  tnmbler  screws. 

Parts  of  Springfield  carUne,  caliber  .45. 

102  bands. 
332  stocking  bands. 
26  hand  spriiigs. 

6  band  swivels. 

4  barrels. 

3  breech  blocks. 

4  breech  block  caps. 

77  breech  block  cap  screws. 

6  breech  screws. 
45  bridles. 

49  bridle  screws. 

7  bntt  plates. 

22  bntt  plate  covers. 
187  bntt  plate  screws. 

9  cam  latches. 
232  cam  latch  springs. 
464  ejector  springs. 
363  ejector  spring  spindles. 

65  ejector  spring  stnds. 

85  extractors. 
270  firing  pins. 
1()9  firing  pin  screws. 
262  firing  pin  springs. 
110  front  sights. 

20  £roDt  sight  rivets. 

22  gnardbows. 

14  guard  bow  nuts. 
28  guard  bow  swivels. 
49  guard  bow  swivel  screws. 
11  guard  bow  plates. 
24  guard  bow  plate  screws. 
121  guard  screws. 

23  hammers. 
40  hinge  pins. 

80  jointed  ramrods. 
7  rear  sights. 
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71  rear  sight  bases. 

270  rear  sight  leaves, 

3  rear  sight  slides. 

50  sears. 

60  sear  screws. 
115  sear  springs. 

50  sear  spring  screws. 
196  side  sci-ews. 

2  side  screw  wasters. 
786  stocks,  complete. 

89  stocks,  wooil  iiart. 

31  swivel  bai-8. 

31  swivel  bar  rings. 

0  snivel  hands. 
159  tang  screws. 

10  tip  screws. 

11  triggers. 

43  trigger  screws. 

3  thunih  irieces. 
07  tumblers. 

131  tumbler  screws. 

Parts  of  Sharps'  carbine. 

1  baud. 

2  band  springs. 

1  barrel  hushing. 

1  ban-el  stud. 
14  bridles. 

8  bridle  screws. 

2  butt  plate  screws. 

5  extractors. 
29  firing  pins. 

0  firing  bolt  screws. 

1  front  sight 

2  front  guard  plates. 
2  rear  guard  plates. 
2  hammers. 

12  levers. 

4  lever  catches. 

6  iever  catch  screws. 
0  lever  catch  springs. 

0  lever  catch  spring  screws. 

6  lever  catch  spring  pins. 
27  lever  keys. 

4  lever  key  stops. 

10  lever  key  stop  pins. 
10  lever  key  stop  pin  screws. 
K  lever  key  atop  springs. 
2  lever  screws. 
27  lever  springs. 

7  lever  spring  screws. 

1  lock  plate. 

17  main  springs. 
7  main  spring  screws. 

5  jirinier  covers. 

5  piimer  cover  screws. 
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2  rear  sight  bases. 

10  rear  sight  elevating  screws. 
5  rear  sight  joint  pins. 

3  rear  sight  leaves, 
5  rear  sight  slides. 

10  rear  sight  slide  screws. 
5  rear  sight  siiriugs. 

15  rear  sight  spring  screws. 
14  sears. 

7  sear  screws. 

5  front  side  screws. 

5  rear  side  screws. 

1  slide  screw. 

2  stock  butts. 
5  stock  tii>s. 

10  stock  tip  screws. 

10  stock  butt  escatcheons. 

2  swivel  bars. 

2  swivel  bar  rings. 

2  swivel  bar  screws. 

1  front  taug  screw. 

1  rear  taug  screw. 

5  toggles. 

1  trigger. 

2  trigger  screws. 
27  timiblers. 

42  tumbler  screws. 

12  tumbler  stirrups. 

12  tumbler  stiinip  screws. 

Paris  of  CoJfs  reroher,  ealiher  .45. 

•>3  back  straps. 
182  ba«'k  strap  screws. 

20  bolts. 

tJ5  bolt  screws. 
377  ceuter  pins. 
157  eeuter  piu  biisliuigs, 
l.w  center  i>iu  catch  f— 
415  ceuter  pin  screws. 

07  ejector  springs. 
103  Rector  beads. 

77  Rector  rods. 

27  t^cetor  rod  heads. 

27  ejector  tubes. 

85  ejector  tnl>e  screws. 
119  ejector  tube  springs. 

82  firing  pins. 

67  firing  iiin  rivets. 
5  firing  springs. 

14  gates. 

16  gate  catches. 
157  gate  catch  screws. 

58  gate  springs. 
5  gate-latch  springs. 
3  guards. 
2  0BD 
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127  long  guard  screws. 
152  sliort  guard  screws. 

3i  bammers. 

So  hammer  screws. 

74  han<U. 
105  band  springs. 
147  main  springs. 
105  main  spring  screws. 

25  sear  springs. 

5  sear  spring  screws. 

82  sear  and  stop  bolt  springs,  combined. 

72  sear  aud  stop  bolt  spring  screws,  combined. 

12  stocks. 

as  stop  bolt  screws. 

30  triggers. 

63  trigger  screws, 

Farts  o/Schofiel^i  Smith  and  Wetson  revoher,  caliber  .45. 

20  barrel  catches. 
25  barrel  catch  screws, 
25  barrel  catch  springs. 
10  base  pins. 

6  cylinders. 

20  cylinder  catches. 
25  cylinder  catch  screws. 
10  cylinder  catch  cams. 
25  escutcheons. 
20  extractors. 
25  extractor  springs. 
25  extractor  stems. 
25  extractor  studs. 
25  ftiction  collars. 
10  guards. 
25  guard  screws. 
10  hammers. 
25  hammer  studs. 
25  hands. 
25  hand  pius. 
25  hand  springs. 
25  joiut  pivots. 
25  joint  screws. 
20  Ufters. 
28  main  springs. 
25  main-spring  swivels. 
25  nuts. 
20  pawls. 
25  pawl  pins. 
25  pawl  springs. 
10  recoil  plates. 
25  long  side-plate  screws. 
25  short  side-plate  screws. 
5  sights. 
25  sight  pius. 

5  8tO(.'k8. 

25  stock  pins. 

25  stock  screws.  /—  i 
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25  strain  screwB. 
'25  steady  pins, 
25  8toi»s. 
25  8toi>  pine. 
25  stop  epringa. 
25  swivel  pins. 
13  triggers. 
25  trigger  pins. 
25  trigger  spriug3. 

23  trigger-spring  pins. 

Class  X— vn. 
3, 650  canteen  corks. 

^48  canteen  corks  and  chains. 
7, 950  canteen  covers. 
i,  490  canteen  straps. 
260  cartridge  loops. 
20  haversack  hooks. 
145  saber- belt  straps. 
125  bridle  headstalls. 
150  bridle  reins. 
IT,  402  brass  buckles. 
II,  782  iron  buckles. 

69  cinch  a  straps. 
1, 800  coat  straps. 

24  couplings  for  reins. 
3, 180  crupper  rings. 

606  curb  bit«. 

70  curb  straps. 

600  curb-straps  and  loops. 

140  curb  strap  loops. 
1, 803  D  rings. 
4, 127  brass  foot-staples. 
4, 129  guard  plates. 

44}  gross  gnard-plate-screw  pins. 

317  yards  girth-webbing,  4  inches  wide. 

252  yards  girth-webbing,  4j  inches  wide. 

775j  yards  girth-webbing  ?j  inches  wide. 
8  pieces  girth -webbing. 
2, 060  baiter  bolts. 

612  halter  chains. 

510  halter  headstalls. 
3, 438  halter  rings. 
1,980  halter  squares. 
5, 609  baiter  straps. 

108  brass  rings. 
1, 297  iron  rings. 

100  lariat  swivds. 
48  saddle-bag  studs. 

600  shitdds. 
2,267  side-line  fasteners. 
12  snaps  for  links. 

267  snaps  for  side-lines. 
1, 728  spring  snaps. 
4,076  staples  for  rings. 

240  stitrup  hoods. 
1,196  yards  surcingle  webbing,  4  inches  wide.         li  ir^edb  GooqIc 
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Class  X— VIII. 

3, 500  CHitrid^re-bagK  for  6-pounder  gim. 
8, 280  cartridge-lMigs  for  12-i>ouuder  gim. 

700  cartridge  bags  for  12-pounder  mouutaiii  liowitKei. 
1, 000  cartri%e-biig)i  for  24-pounder  gun. 

600  cartridge-l>ag8  for  24-pounder  howitzer. 

500  cartridge-bags  for  32-iwuuder  gun. 

200  cartridge-bags  for  100-pounder  gun. 

013  ^-pound  cartridge-bags  for  mouutaiu  liowitzer. 
2, 780  cartridge-bags  for  3-iucli  gun. 
1, 450  cartridge-bags  for  4}-incli  gun. 

500  cartridge-bags  for  8-incli  converted  gim, 
1, 000  cartridge-bags  for  lO-ioch  coliuubiad. 

500  cartridge-bags  for  lO-incli  Bodmao^ 

500  cartridge-bags  for  15-inch  Bodman. 

TooU  and  materiah 

3  adzes. 

1  ad7£s  handle. 
52|  gallons  alcohol. 

4  anvils. 

14  leather  aprons. 

2  arbors. 

3  augers. 
811  awls. 

381  awl  handles. 
42  axvH. 

172  metallic  [wwder-barrela. 
477  wooden  jiowdei'-barrels. 

1  gallon  benzine. 
201i  i)Ounds  beeswax. 
47  bits. 
208  pounds  leather-blacking. 
24^  gallons  leather-blacking. 
42l|  pounds  lilack  wax. 
1  an\-il-block. 
1  lead  puncliing  block. 
51  punching  blix-ks. 
1  forge  and  battery  wagon-box. 

1  shoeing  Ixix. 
350  feet  lune  boanls. 

24  braces. 

6  bath  brirk. 

6  quarts  browning  material. 
'    324  com  brooms. 
12  brushes. 
24  dusting-bnuiheH. 
10  markiiig-brushes. 

2  oiling-bnishes. 

liiTt  i>aint -brushes.  * 

28  sasli-bnishes. 
10  wliitewash-bnishes. 

1  ftlre-bnish. 

2  gross  buttons. 
1  buttress. 
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1  calipers. 
250  toe  ealkd. 
35  pounds  camphor. 
HI  tiu  cans. 

40  pounds  sperm  oandteH. 

1  gross  crayou  t-halk. 

3  poniuls  white  chalk. 
'J  chalk  hues. 

9  channelers. 
24U  arm  chests. 
-  armorer'a  chests. 
5&  chisels. 

2  chisel  handles. 

1  chnck. 

4  clamps. 

-tl  saddler's  damps. 
64  claw  tools, 

2  boxes  cleaning  material. 

3  cleucbiug  irons. 

1  clock. 

50J  qtures  crocus  cloth. 
6,U70  pounds  bitumiuons  coal. 
50  pounds  ammouiated  copper. 

4  collets. 

87  compasses. 
164g  pounds  cord. 
134  pounds  cotton. 

3  counter-shafts. 

2  card  covers. 
112  creasers. 

4  dies. 

3  die  stocks. 

2  copper  discs. 
1  latiie  dog. 

14  gallons  Japan  drier. 
26  pounds  patent  drier. 

1  drift. 

41  drills. 

2  drill  stocks. 

2  cooper's  drivers. 
134  edge  tools. 

61  pouuds  emery. 
816  quires  emery  clotb. 
40^  quires  emery  paper. 

3  nail  extractors. 
162  flies. 

12  flle  handles. 

20  ponnds  stee!  filings. 
2  straining  forks. 
2flUlers. 

6  powder  funnels. 
200  gas  checks. 

15  gauges. 

1  carpenter's  gauge. 

21  gimlets. 

10  pontids  glue. 
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50  pounds  white  g!iie. 
10  gouges. 
530  [K)undH  wlieel  grease. 

1  grindstone. 

2  groovers. 

53  iwands  gum-arabic, 
ly?  liamnierH. 
I  band  power. 
1  handle  tor  griiiiUtoue  craiik. 

3  hangei'H. 

1  liar^lie. 

2  bas]ts  and  i4trn])s, 

2  ha.spx  and  sfiiples, 
13  claw  liatelicts. 

1  liatcliet. 

4  liateliet  liiindle.s. 

4  Htra])  hinges. 
8,  77C  hoi-seshoes. 

645  pounds  horseshoe  nails. 
31  stitching  horses. 
1, 200  wooden  hoops  tor  barrels. 
1  housing  for  pressiue  plug. 
100  ponnds  l>aud  iron. 
512  i>oun(U  bar  iron. 
307  knives. 

3  drawing  knives. 

5  gallous  lacquer. 

22  gallons  tar  laequer. 
37  iwnnds  lanii>black. 

1  i>ouud  lanipwiekiug. 
3  common  lanterns. 

2  dark  lanterns. 

23  globe  lanterns. 
237  pounds  lard. 

1  hand  lathe. 

140  feet  belt  or  l>and  leather. 
813  sides  bri<lle  leather. 
22, 354  iwunds  harness  leather. 
(i3  locks. 

2  sets  loo]>sticks. 

1  splitting  machine. 
53  mallets. 
liin  poiuids  marline. 
C  powder  measures. 
1  tai)e  measm*,  200  feet  long. 
52  jwuiids  nails. 
13  i>ouuds  copper  nails. 
315  pounds  cut  nails. 
i  pound  japanned  nails. 
1, 180  jiounds  iron  nails. 
40  pounds  saddler's  nails. 
132  saddler's  nails,  No. 
11, 960  needles. 

76  cutting  nippers. 
400  potmds  refined  niter. 
1  collar  palm. 
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10  qnires  drawing  paper. 
1(10  jKjuuds  laboratorj-  paper,  No.  1. 
TTO  |K)uiid8  liiboratorj'  i>aper,  No.  4. 
400  |>ouiid8  laboratory  i)ai>er,  No.  0. 
m  pounds  log  paper. 
58  potiiuls  Manila  wrapping  paper. 
81  pounds  stencil  paper. 
1,035  pounds  black  paint. 
100  |>omids  green  paint. 
137  gallons  lead-colored  paint. 
4, 225  iwunds  metallic  paint. 
3, 955  i>oands  olive  paiiit. 
605  jwunds  red  paiut. 

30  pounds  red  lead. 
1,777  pounds  white  lead. 

2  pounds  black  pejtjier. 

26  pincers. 

12  planes. 

1,000  feet  oak  plank. 

27  pliers. 
7  pokers. 

6  pounds  leather  polish. 
1  pot  for  melting  sealing-wax. 
5  iKinnds  potash. 
113  pounds  chlorate  of  potash. 
1  letter-press. 
42  pricking  carriages. 

10  pricking  wheels. 

13  pritcbels. 
9  pulleys. 

40  punches. 
108  hand  punches. 

72  spring  punches. 

90  pounds  putty. 

90  rasps. 

24  shoeing  rasps. 
1  chalk  Une  reel. 
222  pounds  rivets  and  burrs. 
259  gross  brass  rivets  and  burra 
785  pounds  copper  rivets  and  burrs. 

31  pai>erB  copper  rivets  and  burra 
158  pounds  iron  rivets  and  burrs. 

52  riveting  irons. 
54  rivet -sets. 
535  pounds  hemp  rope. 
1,206  pounds  Manila  roi>e. 

11  ronnding  irons. 

515  poonds  rotten-stone. 
64  rules,  2-foot. 
3,416  sheets  sand-paper. 
79  sandstones. 

14  saws. 

1  back  saw. 
1  hack  saw. 
4  hack  saw  blades. 
1  hand  set. 
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2  saw  blades. 
2  saw  sets. 

5  acales. 

1  counter  scales. 

19  scissors. 

15  pounds  scouring  material. 

2  box  Hci'aiiers. 
21^  gross  brass  screws. 
11(»|  gross  brass  screw  piiis. 

16  gross  iron  screws. 

2  peudidiun  hausse  seat  screw  taps. 
69  screw  drivers. 

2  Bcribers. 

6  scythes. 

1  scythe  snath. 
8  scrthe  stones. 

3  sets. 

4  sealing-stamps. 

14  pounds  sealing-wax. 
13  chamois  skins. 

22  sheep  skins. 
03  shears.     • 
11  shovels. 

6  sickles. 

1  sledge. 
49  slickers. 

96  magazine  slippers. 

2.315  pounds  castile  80ap. 

47  1>ars  castile  soap, 

37  bars  common  soap. 

20  pounds  common  soap. 
10  pounds  solder. 

3  spokeshaves. 
37  pounds  sponge. 

7  squares. 

2  staples  and  plates. 
60  pounds  bar  steel. 

5  (wunds  blister  steel. 
58  pounds  cast  steel. 

200  pounds  Sowers  of  snlphur. 

4  sets  stencils,  figure. 
i  sets  stencils,  letters. 

110  papei's  copi>er  tacks. 
41  iK>und8  copper  tacks. 
2  papers  cut  tacks. 
534  papers  iron  tacks. 
683|  [tounds  iron  tacks. 
140  pounds  tallow. 

4  taps. 
12J  barrels  tar. 

75  thimbles. 
724J  pounds  shoe-thread. 
648A  pounds  saddlers'  thread. 

47  ticklers. 
7, 420  feet  oak  timber. 

15  imnnds  tobacco. 
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7  tongs. 
101  sash  tools. 

10  smith's  flDil  smliUer'a  tool-bags. 
1  sailiUers'  tool-cuae. 
57  ponnds  tow. 
314  pai>ers  tripoli. 
S31J  gallons  turpentine. 
116  jtounds  twiue. 
07j  gallons  Taruinli. 
I  poimil  Tennilion. 

1  bench  vise, 

2  clamp  vJBei*. 
4  hand  vises. 

1  water-cooler. 

2  browning  wheels. 
2  buffing  wheels. 

2  wheelbarrows. 
70  poands  whiting. 
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APPENDIX  t. 

ApportiottHieiit  of  orihinnce,  ordminre  stores,  d'c,  for  theJiKcal  yenr  eading 
June  30,  187?*,  iiniler  neetiong  KHil  and  16l>7  Bi'rined  •StatiiUH  United 
Ntatm,  a)iA  lei/iiiatioun  eitfahlighed  hi  eonformiti/  thereiclth. 
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APPEXDIX  D. 

Statemenl  of  nrdtianfe,  ordaanpf,  storex,  <£?„  dhtributed  to  fliP  militia  from 
JmIji  1.  in<~~,  tt)  Juite  30,  ism,  uittler  sectiiiHH  ItilJl  miil  HW7,  Reviaed 
Statyte»  United  States. 

Class  I. 

2  6-{HHUi(ler  bronze  ^ms. 
4  liubt  i;j-i)oun(ier  bronze  guns. 
K  l:;-iM>mi<ler  brouze  field  liowitzei-s. 
J*  3-iiicli  wTOiigbt-iron  rilled  guns. 
2  GaDing  guiis;  calilwr  .50. 
lo  Giitliug  guns,  Xt)  barrels,  long ;  caliber  A't. 

Class  II. 

4  oarriages  and  limbers  for  6-pounder  gun. 
6  carnages  and  limbers  for  ligbt  12-iKHmder  guii.s. 
^  carriages  and  limbers  for  3-iucli  gun. 
16  carriages  and  timbers  for  Gatling  guns ;  caJiWr  .45. 

2  oarriageij  and  limbers  for  GatUng  guns ;  caliber  .51). 
4  oaissous  and  Umbers  for  light  12-pouuder  gun. 

4  caissons  and  limbers  for  3-iuch  gun. 

Class  IIL 

3  breech'sigbts  10-pounder  Parrott  guns. 
12  8)>ODge-bucket8,  iron,  for  field  guns. 

li>  tar-buckets,  iron,  for  field  guns. 
20  watering  buckets. 

6  fnse  blocks. 

6  fuse  cutters. 

6  fuse  gouges. 

8  ftise  wrenches. 

2  fuse-plug  wrenches. 
670  feed  cases  for  Gatbiig  gmi ;  caliber  .4<'>. 
20  gunner's  gindets,  flebl. 

40  gunner's  haversacks. 
12  gunner's  pincers. 

H  gunner's  twuebes. 
M  handspikes,  trail. 

42  sets  of  artillerj-  hames-s  2  borsei*,  wheel. 
.37  wts  of  artillery  harness,  2  hoi'ses,  lea<l. 
60  artillery  whips. 
■5«  lauyards  for  friction  primers. 
Iw  i>endulum  hausses  for  light  12-pounder  guu. 

4  pendulum  hausses  for  3-inch  gun. 
6  i>endulum  hansse  seats, 

4  [>endulum  bausse  pouches  for  light  12-i>ounder  gun. 
4  pendulum  bausse  imuches  for  3-iuch  gun. 

41  priming  wires. 
16  iimlonges. 
34  ))]M)nges,  w-oolen,  6-i>ounder  gun. 
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4  spoil  (re  covers,  6-poimder  gan. 

23  gjioiige  covers,  lifjlit  l^-jioumU'r  gim. 
8  spouse  covers,  12-pomi(1er  Uovritzer, 

20  sponge  covers,  3-iuch  giin. 
i  sponges  and  rammers,  6-potinder  gnn. 

3  sponges  and  rammei's,  lO-poonder  gun. 

8  s])onges  and  rammers,  ligUt  12-i>oun<ler  gnn. 
8  sponges  and  rammers,  12-pounder  bowitzer. 

24  sponges  and  rammers,  3-incb  gun. 
11  panlins,  8  by  10. 

34  paulins,  12  by  15. 

4  paulins,  20  by  30. 

8  gun-covers  for  long-barreled  Catling  gnn ;  caliber  .45. 
62  thumbstalls. 
10  tomi)ion8  for  3-incb  gun. 

2  tompions  for  ligbt  12-i)Ounder  gun. 
18  tow'bouks. 
34  tube  pouches. 
44  vent  covers. 
23  vent  punches. 

4  worms  and  staves,  for  light  12-poimder  gnn. 

7  worms  and  staveii,  for  3-iuch  guns. 

Class  IV. 

10  6-pounder  canister. 
166  12-]>ouuder  shell. 
132  3-tnch  shot. 

124  3-inch  canister. 

Class  V. 

60  6-pouniler  shot,  fixed. 
60  6-pounder  case  shot. 

25  12-i>ounder  shot,  fixed. 
73  12-pounder  shell,  fixed. 
25  12-pounder  case  shot. 

59  12-pounder  canister,  filletl. 
1, 000  1-inch  ball  cartridges,  Gatling. 
1,000  1-iuch  canister,  Gatbug. 
408  3-inch  shot,  fully  prepared. 
240  3-inch  shell,  fully  prepared. 
100  3-iBch  case  shot. 
232  3-inch  canister,  fllle<l. 
50  3.67-inch  canister,  filled. 

Class  VI. 

160  Springfield  rifie  muskets,  caliber  .58. 
Bitech;loa4inff. 
ajS-W  Springfield  rifles,  caliber  .50.  ■ 
8, 791  Springfield  rifles,  caliber  .45, 
440  Springfield  rifles,  cadet,  caliber  .45. 
14  Springfield  rifies,  officer's  model,  caliber  ,45. 
186  Springfield  carbines,  caliber  .45, 

11  Keraington  revolvers,  caliber  .44, 
2;J0  Colt's  revolvers,  caliber  .45, 
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IlKt  Schofleld- Smith  and  W<>8sod  revolvers),  calilier  .4I>. 
U  oiHcer'8  swords,  with  two  scabbanls. 

7  offlcer'i«  sabei-s, 

112  uon-commiHRioned  officer's  swords. 

1*74  light  cavalry  sabers. 

S13  artillery  sal>ers. 

iw  bayonets  for  calilter  ,50,  rifles. 

liw  Imyoiiets  for  oalil>er  .45,  rifles. 

Class  VII. 

401  wtH  infantry  e<iiiipinent8. 
UU  liavei-saeks  and  straps. 
4,016  canteens  and  straps. 
1  meat-ration  can. 
1  knife,  fork,  and  s^Kmn. 
300  coal  straim. 
.360  valises. 
260  clothing-lrngs. 
210  sbonlder-braees. 
199  artillery  saber  belts  and  plates. 
70  carbine  slings  and  swivels. 
106  carbine  (cartridge  i>ouche8. 
J  cartridge  belt, 
12  cap  ponehes. 
74  pistol  cartridge  poncbes. 
136  pistol  holsters. 
■Ul9  saber  lielts  and  plates. 
101  sal>er  knots. 

lot  uon-eoniiiiisMioned  offlcev's  Hword  belts  and  plates. 
>i.  ft4 1  steel  bayonet  scabbards. 

1.10  «tt*el  Imyonet  scabbards,  cadet's. 
I.INW  leather  Imyoiiet  scabbards. 
2,  IKMI  cartridge!  toxes,  caliber  .58. 
6,680  cartridge- iMJxes,  calil>er  .45. 
1,  SIS  cartridge-boxes,  caliber  .5ti. 
•'>.  110  giin  slings. 

0.  !>23  waist  1>elt^  and  ])Iates. 

II  combination  screw-drivers. 

8  siiring  vises. 

i'i  heartless  cartridge  shell  extractors. 
1  set  hor»e  equipments. 
ftO  curl)  bridles. 
92  cavalry  safltUes. 
177  sa^ldle  blankets. 
40  Hpurs  and  straps,  pairs. 

Class  VIII. 

I.<KM)  blank  cartridges  for  lO-ponnder  gun. 
224  blank  cartridges  lor  light  12-i)onnder  gim. 

1.  l.'iO  blank  cartridges  for  3-iiich  gun. 
■'ijHKi  ItHck  an<l  ball  cartridges,  caliber  .69. 

4-"».iKNl  ehmgated  l»all  cartridges,  paper,  calilK-r  .58. 
l.lKKl  ritte  iiall  cai-tridges,  caUber  .58  (rim  fli-e). 
W"7,0K«  ritte  ball  cartridges,  caliber  .50. 
'>4l,tKNi  ritte  ball  cartridges,  caliber  .45. 
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9, 500  carbinf  ball  cfirtriclKes,  caliber  .45, 
9, 072  Spencer  carbine  cartridges,  caliber  .50  (rim  fire). 
5,  OTti  pistol  ball  cartridges,  caliber  .45. 
.W, 000  rifle  blank  cartridges,  caliber  .50. 
26, 000  rifle  blank  cartridges,  caliber  .45. 
5, 750  friction  i)rinier8. 
150  i>a])er  Aihcs,  time,  assorted. 

1  pound  qnick  match. 
425  pounds  cauDou  powder. 
2,000  pounds  mortar  powder,  new. 
200  eaitridge  bags  for  3-inch  gun,  unfilled. 

Class  X. 

6  simre  poles. 
11  pole  pails. 

7  pairs  pole  straps. 
6  spare  wheels. 

Spare  parti  for  Springfield  rifle,  caliber  .50. 

33  main  springs. 

33  sear  springs. 

50  tumblers. 

33  tumbler  screws. 

11  extractors. 

33  ejector  springs. 

33  cam  latch  springs. 

33  firing  pins. 

33  firing  pin  springs. 

33  firing  pin  si>riiig  screws. 

33  breech  block  cap  screws. 
100  rear  sights. 

35  stocks. 

95  ramrods. 
100  ramrod  stops. 

Spare  parts  for  Springfield  rifle,  caliber  .46. 

226  tumblers. 

13  timiWer  screws. 
100  triggers, 
100  trigger  screws. 

25  trout  sightB. 

25  rear  sights. 

10  rear  sight  bases. 

20  rear  sight  base  screws. 

40  rear  sight  base  springs. 

20  rear  sight  leaves, 

40  rear  sight  slides. 

40  rear  sight  slide  springs. 

40  rear  sight  slide  spring  rivets, 

40  rear  sight  joint  pins. 

46  thumb  pieces. 

25  locks,  complete. 

10  lock  plates, 
6  guards. 

20  guard  plates. 

20  guard  bows. 
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50  pniitrtl  bow  swivels. 

30  guanl  bow  swivel  screws. 

Th)  (Tiianl  bow  screws. 

65  s^ant. 

13  sear  sjninps. 
IWI  sear  B)iriiig  screws. 
125  sear  wrews. 

10  stocks. 

■M  butt  plates. 

40  butt  plate  screws. 

6o  bammers. 

40  tips. 

40  tip  screws. 

50  stacking  swivels. 
100  giin  sling  swivels. 
100  gun  sling  swivel  pins. 

50  bayonet  clasps. 

50  bayonet  cla«p  screws. 
100  band  springs. 

13  main  springs. 

35  m^n  spring  swivels. 

25  main  spring  swivel  rivets. 

55  bridles. 
175  bridle  screws. 

06  tang  screws. 

"5  npper  bands,  complete. 

75  lower  bands,  complete. 

50  (qector  spring  spindles. 

63  ejector  springs. 

10  ejector  stnds. 

10  breech  blocks. 

20  breech  block  caps. 

13  breech  block  cap  screws. 

10  breech  screws. 

40  hinge  pins. 

!J0  cam  latches. 

13  cam  latcb  springs. 

13  flriug  pins. 

13  firing  pin  springs. 

13  firing  pin  screws. 
250  8i<le  screws. 
150  side  screw  washers. 

3  extractors. 

M1SCELLA.NEOCS. 

12  pounds  lead  color  paint. 
6  pounds  black  paint. 
25  poimda  olive  i^Jnt. 

4  ponnds  wheel  grease. 

3  boxes  cleaning  materials. 
1  set  regimental  armorer's  tools. 
6  pick  axes. 
6  felling  axes. 

5  paint  brushes. 

6  long  handled  shovels. 
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APPENDIX  E. 

mtatemettt  o/  ortlnaiwf,  ordnance  stores,  (Dc.,  HUiributed  to  colleges  and  trni- 
rernities  from  July  1, 1877,  to  June  30, 1878,  under  section  1225  Berised 
Statutes  United  States,  as  amended  by  act  approved  July  5, 1876. 

Class  I. 

6  6-poiinder  bronze  ganx. 
4  3-iiicb  \rroHglit-irou  giins. 

2  10-poiinder  I'arrott  guuB. 
1  8-inch  siege  mortar. 

Class  II. 
1  S'ineh  mortar  bed. 
1  8-inL'li  mortar  platform. 

4  Q-pouu(ler  gu»  carnages  and  limbers. 
6  3-incb  gun  carriage!^  and  limbers. 

C  cai(t8onH  and  limbers  for  6-poimder  giina. 

3  caissons  aud  Umbers  for  3-uicii  guns. 

Class  III. 

1  banket  for  moitar  implements. 
1  wateriiig-bncket,  leather. 
1  fiiae  cutters. 
;i  t^ise  mallets. 
1  fuse  saw. 

1  gunner's  gimlet,  mortar. 
i;t  giiuiiei''s  liHversac-ks. 
1  guiiiiur's  level. 
1  gunner's  i]naclmnt,  bi-ass. 

1  gunner's  sleeve. 
l(i  hantlspikes. 

22  laiiyanls  for  ft-iction-priinei-s. 

2  (J-jwunder  iK'nduluin  Uausses. 
2  3-itieli  iK'iulidum  bausses. 

2  seats  for  i>endnlum  hausses. 
1  poach  for  ]»endubim  bausses. 
1  ))lummet. 

1  iKtiuting  conl. 

2  pointing  stakes. 

2  priming  wires,  8-inch  mortar. 
10  priming  wiies,  field. 
1  shell-hook  iiairs. 
1  Bcraiwr  for  mortar. 

1  woolen  siwnge  for  O-imunder  gun. 
12  «i>oiige  co\erH  for  6-i>ounder  gnu. 

i  si>onge  covers  for  3-ineh  guns. 

2  8i>onge  covers  for  8-inch  mortai-s. 

12  siM>nge!«  and  nunmei's,  <>-i>ounder  gun. 

5  siKinges  ami  rammers,  3-iuch  gun. 

2  si>onge8  and  rammers,  8-inch  inortar. 
1  paiilin  5  by  5  feet. 
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4  pitnlins  12  by  15  feet. 

12  thnmbstalla. 

1  tompioB,  8-inch  mortar. 

13  tnbe  ponchea. 

2  tDbe  pouches.  8-inch  mortar. 
ID  Tent  covers,  S-inch  mortar. 

1  wiper,  8-inch  mortar. 
1  wrench  for  mortar-be<1. 


]0  S-inch  mortar  shells. 


Class  YI. 


50  Springfleltl  rifles,  caliber  .45. 
61a  Spnogflelit  cadet  rifles,  caliber  .45. 
27  non-comniissioned-offlcei''8  swords,  steel  scabbards. 
10  noD-commissioned-offlcer's  swords,  leather  scabbards. 
TO  light  cavalry  sabers. 

Class  vn. 

IT  non-commissioned-officer's  shonlder  belts  and  plates. 

20  non-coomiissioned-offlcer's  sword  belt«  and  plates. 

40  saber  belts  and  plates. 
B65  steel  bayonet  scabbards. 
665  cartridge  boxes,  caliber  .45. 
665  waist  belts  and  plates. 

Class  VUI. 

S50  blank  cartridges  for  6-poander  gun. 

IjO  blank  cartridges  for  10-pounder  Parrott  gun. 

400  blank  cartridges  for  12-poimder  guu. 

50  blank  cartridges  for  8-iiich  mortar. 
3,.i«0  carbine  ball  cartridges,  caliber  .50, 
s.OOO  carbine  ball  cartridges,  caliber  .45. 
■1.00(1  rifle  ball  cartridges,  caliber  ,50. 
1.000  ritle  ball  cartridges,  caliber  .45. 
1,0110  rifle  (cadet)  ball  cartridges,  caliber  .45. 
■».000  rifle  and  carbine  blank  cartridges,  caliber  .50. 
S.  joo  rifle  and  carbine  blank  cartridges,  caUber  .45. 
3.900  friction  priinerH. 

100  pomids  mortar  powder,  new. 

Class  X. 

50  cartridge  bags,  unfllled,  for  8-inch  mortar. 

Miscellaneous. 
Ibroom. 
iBianl. 
30BD 
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APPENDIX  F. 

Statement  of  ordtiance  stores,  »fcc.,  dUtributed  to  the  Territories  and  Statet 
bordering  thereon  from  July  1,  1877,  to  June  30,  1878,  under  th«  joint 
resolutiont  of  July  3, 1876,  March  3, 1877,  and  June  7, 1878. 

200  Spencer  carbinea,  c^ber  .50. 
2, 100  Springfield  rifles,  caliber  .50. 
6, 040  Spencer  carbine  cartridges  (rim  fire),  calibre  .SO. 
106, 000  rifle  ball  cartridges,  caliber  .60. 
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APPENDIX  G. 

Sioving  gtAitioru  and  4<ttUt  of  the  offioert  of  the  Ordnance  Department 
on  the  Ut  of  October,  1878. 

Bank  and  name.  Duty. 

BBIGADIBK-aENERAJL. 

Stephen  v.  Benfit Chief  of  Ordnance. 

COLOItELS. 

L  P.Y.HagDer,  brevet  brigadier-    Commanding  the  Watervliet  arae- 
general.  nal. 

2.  F.  D.  Gallender,  brevet  briga-    Commanding  the  Augusta  arsenal. 

dier-general. 

3.  T.  T.  S.  Laidley,  brevet Commanding  the  Watertown  ane- 

nal,  and  president  of  the  United 
States  board  to  test  iron,  steel, 
&c. 

LIBnT£NAin;-C0L0HBL8. 

L  J.  G.  Benton,  brevet  colonel . .  Commanding  the  National  Armory, 
and  president  of  the  board  to  ee- 
lect  a  magazine-gun  for  the  United 
States  service. 

2.  J.  McAllister,  brevet  colonel . .     Commanding  the  Benicia  arsenal. 

3.  8.  Crispin,  brevet  colonel Commanding  the  ordnance  agency } 

president  of  the  ordnance  board, 
and  constructor  of  ordnance. 

4.  T.  J.  Treadwell,  brevet Member  of  the  ordnance  board. 

UAJOBS. 

1.  T.  G.  Baylor,  brevet  colonel. .     Commanding  the  New  York  arsenal, 

audmemberof  theonlnauce  board. 

2.  J.  M.  Whitteimore.  brevet Commanding  the  Frankford  arsenal. 

3.  A  R.  Bofflngton,  brevet Commanding  the  Allegheny  arsenal. 

4.  D.  W.  Flf^er,  brevet  lieiiteu-    Commanding  the  Bock  Island  arse- 

ant-colonel,  nal. 

5.  AHwdecw,  brevet  lieutenant-    Instructor  of  ordnance  and  gunnery, 

ooloneL  United  States  Military  Academy. 

6.  8.0.Lyford, brevet  lieutenant    On  duty  in  the  office  of  ttie  Chief  of 

colonel.  Ordnance. 

1.  V.  H.  Parker,  brevet Commanding  the  Fort  Monroe  arae- 

nal,  and  member  of  the  board  to 
select  a  magazine-gun  for  the 
United  States  service. 

8-  J.  P.  Farley Commanding  the  Kennebec  arsenal. 

and  member  of  the  board  to  select 
a  magazine-gun  for  the  United 
States  service. 

i-  h.  8.  Babbitt Chief  ordnance  officer,  Department 

of  the  Columbia. 
10,  W.  A  Uarye Assistant,  Benicia  arseuaL 
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Stations  and  duties  of  officers,  dx. — Contiiined. 
Bank  and  ntune.  Duty. 

CAPTAIMS. 

1.  L  Amold,  jr.,  brevet Commanding  the  Indiana]H>iis  arse- 

nal. 

2.  J.  H.  Ko1Ud8,  brevet Assistant,  Wat^irliet  srsenal    (on 

sick  leave  of  absence  for  one  year 
from  April  1, 1878). 

3.  C.  Comly,  brevet Commanding  the  San  Antonio  arse- 

nal, and  chief  ordnance  o£Bcer,  De- 
partment of  Texas. 

4  J.  B.  McGiuness,  brevet  major  CommaDdingthe  Saint  Louis  powder 
depot  (on  leave  of  absence  till  Oc- 
tober 23, 1878). 

6.  O.  W.  McKee,  brevet  miyor. .  Commanding  the  WasbingtoD  arse- 
nal. 

6.  F.  H.  Phipps,  brevet Beeorder  of  the  ordnance  board. 

7.  J.  W.  Beilly,  brevet Chief  ordnance  officer.  Military  Di- 

vision of  the  Missouri. 

8.  J.  A.  Kress,  brevet  major Commanding  the  Vancouver  arsenal. 

9.  O.  E.  Micbaelis,  Inrevet Chief  ordnanoa  officer,  Departmeut 

of  Dakota. 

10.  W.  Prince,  brevet Sick  leave  of  absence  for  six  months 

from  June  5, 1878. 

11.  C.  E.  Dutton On  duty  with  Powell's  geological 

surrey  of  the  Bocky  Monntaiu 
region. 

12.  J.  G.  Butler Assistant,  'Watervliet  arsenal, 

13.  0.  Brj'ant Assistant  to  the  constructor  of  ord- 

nance. 

14.  A.  L.  Vamey Assistant,  "Watervliet  arsenal. 

15.  J.  C.  Clifford Assistant,  Bock  Island  arsenal  (tem- 

porarily in  command  of  the  Saint 
Louis  powder  deiwt). 

16.  E.  M.  Wright Assistant,  Frankford  arsenal. 

17.  J.  E.  Greer Assistant,  National    Armory,   and 

recorder  of  the  board  to  select 
a  magazine-gun  for  the  United 
States  service. 

18.  J.  Pitman Assistant,  Watertown  arsenal 

20!  V^ancy  ! ■.■.'. i" i!  I! I! i! i!  J     ^«*  °*"  Congress,  June  18. 1878. 
FIKSr   LIErTENAJJTS. 

1.  C.  Shaler Chief  onlnance  officer,  Department 

of  the  South. 

2.  H.  Metcalfe Assistant,  Frankford  arsenal. 

3.  W.  S.  Starring Assistant  to  the  constructor  of  ord- 

nance. 

4.  C.  9.  Smith Assistant,  Xew  York  agency. 

6.  S.  E.  Blunt Acting  assistant  professor  of  mathe- 
matics. United  States  Military 
Academy. 


6.  F.  Heath Assistant.,  Bock  Island  arsei 

,  ,..i,,Coo' 
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Stationa  and  duii<9  of  officerSy  £e. — Continued. 
Bank  and  name.  Duty. 

FlBST  LlEUTENAIfTS. 

7.  D.  M.  Taylor Chief  ordnance  officer,  Department 

of  the  Missouri,  commaQding  the 
Fort  Leavenworth  ordnance  depot. 

S.  D.  A.  Lyle Assistant,  National  Armory,  and  on 

special  duty  experimenting  with 
Me-saving  apparatus,  &c. 

9.  J.  Bockwell,  jr Assistant  instructor  of  ordnance  and 

gunnery,  Military  Academy. 

10.  W.  B.  Weir Commanding theCheyenneordnance 

depot. 

U.  J.  C.  Ayres Commanding   the    Fort    Abraham 

Lincoln  ordnance  depot. 

12.  M.  W.  Lyon Assistant,  Allegheny  arsenal. 

13.  C.  W.  "Whipple Assistant  to  the  constructor  of  ord- 

nance. 

14  A  H.  Bossell Assistant,  Hock  Island  arsenal  (on 

sick  leave  of  absence  for  six  montJis 
&v)m  Sept«mber  6, 1878). 

15.  B.  Bimie,  jr On  duty  with  the  engineer  sarvey 

west  of  the  one  hundredth  merid- 
ian. 

IG.  L  MacXatt Aasistaut,  Bock  Island  arsenaL 

OBDNAJfCE  BTOBEEEEPEBS. 

(Not  in  the  line  of  promotion.) 

£■  Ingersoll,  m%tor On  duty,  National  Armory. 

W.  B.  ^oemaker,  captain In  charge^ort  Union  arsenaL 

B.  H.  Qflbreth,  captun On  duty.  Watertown  arsenaL 

E.  D.  EUsworui.  captain On  sick  leave. 

W,  Adams,  captain On  duty,  Fort  Monroe  arsenal. 

A  S.  M.  Morgan,  captain On  duty,  Bock  Island  arsenal. 

W.  H.  Bexfbrd,  captain In  charge  of  Fort  Yuma  ordnance 

depot. 

F.  Whyte,  captain On  ddty,  Washington  arsenaL 

D.  J.  Young,  captain On  duty,  Watervliet  arsenaL 

M.  J,  Orealuh,  captain On  duty,  Augusta  arsenaL 
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APPENDIX  H. 

EXPERIMENTS  WITH  AN  ELECTBICAL  INTERRUPTER.  BY  MAJOR  ALFRED 
MORDECAI,  ORDNANCE  DEPARTMENT.  UNITED  STATES  ARMY,  IN- 
STRUCTOR OF  ORDNANCE  AND  GUNNERY  AT  THE  UNITED  STATES 
MILITARY  ACADEMY. 

(Oiie  plate.) 

United  States  Military  Acadewy, 

West  Point,  A'.  1'.,  December  31,  1875. 
This  de^-ice  was  first  teftted  by  me  in  February  of  tliie  year,  aiid  was 
tued  from  time  to  time  nith  most  promising  results. 

In  order  to  compare  this  attachment  with  the  Scbnltz  interrupter,  I 
had  a  series  of  trials  made  here  Tcry  recently  by  Mr.  J.  J.  O'Reilly,  from 
the  Frankford  Arsenal,  using  the  interrupter  belonging  to  the  chrono- 
ecope  at  that  arsenal. 

The  conditions  imposed  were  that  the  cii-cumstances  under  which  the 
trials  were  made  should  be  as  nearly  as  possible  the  same  for  each  inter- 
rupter. 

This  was  effected  by  the  trials  being  conducted  in  pairs  in  rapid  snc- 
cession,  the  result*  being  taken  with  the  same  battery  on  one  cylinder. 
The  two  interruptexa  were  so  arranged  that  a  switch  would  throw  one 
out  of  and  bring  the  other  into  operation. 

The  objects  of  the  experiments  were  to  determine — 
First.  The  time  required  to  set  up  sustained  vibration  with  each. 
Second.  The  number  of  vibrations  in  a  second  and  their  uniformity. 
Third.  The  effect  of  temperature  and  state  of  atmosphere  on  number 
of  vibnttioas. 
Foartli.  The  effect  produced  on  the  number  of  vibrations—  ^ 

{a)  by  cfaaDging  amplitude ; 
(t)  by  changing  length  of  spring ; 
(e)  by  changing  strength  of  spring ; 
(rf)  by  dianging  contact  of  spring. 
Fihb.  The  eflfect  of  altering  the  strength  of  the  battery. 
120  imalta  of  these  experiments  are  given  in  the  following  tables : 
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First  Sebies.— 5rlt(»i  Intempta: 


Triid 

1. 

»■ 

4. 

•• 

,. 

7. 

.. 

•• 

,. 

OcH.b.l£S.  1«7S, 

October  2a,  I«7S. 

S=Si?l:i,::- 
"ST"-""''''"" 

AupUtndc  of  Tlbntion 

71" 
2»-.?5 

Buuw'u. 

j,^^ 

7J= 

70= 
29".  M 

7«a 

71 

70O 
29".  99 

«1 

700 
29",  9B 

SI 

29".  99 

St 

i»«»d.. 

UooU 

e  dbrmtlaiis. 

249.8 
!M.7 
MK.T 

S4>.a 

24».fl 
B4H.T3 
249-75 
?41».7 
24».« 
■U».7 

249.4 
249.3 
240.  S 

24B.2 
240.3 

249^3 
240.1 

240.  B 
249.9 

24S!7 

ii 

aw:  8 
ms 

24«!u 
219.  S 

349!  as 

ma 

Z48!ll 
21).  4 

U8.1S 
21B.4 

2M.B 
2«.7 

34i!a 

m7 

249.5 

S4s!a 

i; 

249.6 

249.8 

2«,S 

240.7 

?t!I-S 

ATer»m 

240.69 
COBIB 

O.IM 

249.  N 

249.  C4 

O.OM 
0.0002 

IZsi 

140.70 

a.ima* 

!48.B3 

O.OM 
0.  00028 

249.  vr 
)!ooas 

249  74 

£SS:'.'r.'"."::::S 

0.048 
0.00019 

KOTK.— The  uipUtiide  of  ribntion  U  Id  ill  caM«  eipnued  Id  "ww-tnetli "  i>f  tb ! 

First  Sbries. — Bimell  httrri^la: 


Tri*I 

1.    1    a. 

4. 

s. 

•■ 

0 

». 

3. 

».      1      „ 

October  A  1875. 

October  28,  1875. 

G»l™icb.tt«y,No. 

A^'ifllTdeofvIbr.. 
tl^lD  uw-teeth. 

71» 
l' 

S^hultE. 

75= 
29".83 

7S=> 
7 

72" 
2«".87 

29".8T 
19 

74-= 
81 

74" 

;' 
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SeoaniU. 
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blevlbl. 

«M)e. 

249.. 

2M.0 

SI 

249:8 

M> 
2SI 

I1 

3M.a 

240.8 
219.0 

219.8 

M 

249.5 

250:i 

2i»;9 

249!  0: 

VS:'. 

!».0 

S: 

250.0 
219.9 
249.9 
249.95 
249.9 

2Sn:o 

210!  8 
240.85 

%W.9 

250:o 
249:9 
249!  B 

aso.o 

250,1 

24«!o 
249,9 

240!  9 
249,9 

248.9 

248.95 

218:9 

248: 9 
250.0 
24B.9 
248.05 

ATuaga 

D0Ubl«Tlb»UoD± 

2U.91 

0.'00022 

«».B7 

oiooo; 

242. 9ft 

o!o<KBl 

U0.97 
0.110012 

900038 

249.91 

249.9 

0:00016 
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Secoxd  Sekies.— £k«m((  InterrHpter. 


1. 

a. 

«• 

«. 

■ 

Oolol«rI7.  18T5. 

■n»™™«tm.  F.l« 

r 

70= 

70» 
19".  71 

* 

71)0          70= 
ZT'.Jl  !  2»".8» 

1 

X"'.7i 

'i-:l 
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No.  1.  Ugbt 
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hL 
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Light... 
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7 
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> 
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Strong. 
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11 

»».ao 

as 

250.00 
J50.00 

290!(0 
250.W 

IS;S 

Si 

MB.  80 
MO.M 

Si 

m» 

3U 

aw 

IS 

to 
to 

»S.eo 

14«.«0 
U>.8S 

IM.M 
MIL  85 

IS:!! 

O-WIKl 

25«.3Z 

COM 
O,0«t!S 

»0.H 

oioooM 

2i0.« 
0.00* 

o-ouoas 

24*.  SS 

o.os 

O.ODOS 

24*.  «8 

O.OM 
0.0OTJO 

HI.  so 

o!ooo4 

s«— * .:";* 

O.OM 

o.oooM 
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Second  Ssbikb. — £imhEI  i'Nierrapter'-Cantiiiiied. 


Trl.1     . 

a. 

^ 

October  IT,  ISTS. 

720        1 

29". « 

T" 

S-M 

OUT«JobM«ry,Diu»b. 

nUtc^ai:::::- 

« 

.|  LlghC Light.. 


.'  Mediam..!  Strosg Light. 


s^> 

»»M 

Twtatkm 

350.00 

250.  H  1 

2W.10 
2W.W 
2M.M 

ZU.M 

asfl.oo 

J 

0.0..5      1       ..» 

cwoan  i     D.OMM 

«:o«ot 

*AT«Bfe  fcr  Ave  pcrlul*,  MO.Il. 

The  object  of  each  trial  as  noted  was,  in  first  series : 

First  trial  with  eachwas  on  different  cylinders,  batteries  different,  to 
compfu^  time,  amplitude  being  the  same.  Fifteen  minutes  occupied 
a^usting  Schultz. 

Second  trial  with  each  taken  on  same  cylinder,  battery  the  same,  to 
compare  time  and  amplitude.  One  minute  occupied  changing  from 
Schultz  to  Bussell  and  atyusting  latter. 

Fourth  trial  with  each  on  same  cylinder,  to  determine  relatiTe  effect 
on  time  and  on  amplitude  by  increasing  strength  of  battery.  One  and 
a  half  minutes  occupied  changing  from  Schidtz  to  Bussell  and  adjust- 
ing latter. 

Fifth  and  sixth  trials  witb  Schultz  on  same  cylinder,  to  detennine  effect 
on  time,  on  amplitude,  and  on  adjustment  by  increasing  battery.  Five 
minutes  ret|iiired  to  a<ljust  interrupter  after  increase  of  battery. 

Fifth  and  sixth  trials  with  Russell  on  same  cylinder,  to  determine 
effect  on  time,  on  amplitude,  and  on  adjustment  by  increasing  battery. 
Ko  adjustment  required  after  increase  of  battery. 

Seventh,  eighth,  and  ninth  trials  with  Schultz  on  same  cylinder,  to 
determine  variation  in  time  and  in  amplitude  and  adjustment  necessary, 
a  pause  of  ten  minutes  being  allowed  between  the  first  and  second,  and 
five  minutes  between  second  and  third.  No  adjustment  required  be- 
tween trials. 
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Seventh,  eightli,  and  niutli  trii^  wiUi  RuBsell  far  eaxoe  purpose  as  oor- 
nipMiding  tnals  vith  Scbnlte.  Five  minates  between  &^  and  second, 
iBd  ten  minutes  between  second  and  third.  So  acyustment  required 
betwem  trials. 

lUid  trial  with  each  intermpter  was  on  the  same  cylinder  to  deter- 
mine e&ct  of  (^ange  of  temperature  on  time  and  on  amplitude.  Two 
miaotcs  occupied  changing  from  Schnltz  to  Kusaell  and  adjusting  letter. 

In  second  series : 

FiiBt  and  second  trials  on  different  cylinders,  to  compare  eSeet  on 
ttme  uul  on  amplitude,  springs  of  different  stiffiiess  being  used,  battery 
tbesame. 

Fifth,  sixth,  and  third  tariala  each  on  separate  cylinder,  to  determine, 
with  springs  of  different  stifbiess,  effect  on  time  and  on  amplitude ; 
Kpring  aod  battery  in  each  set  the  same,  but  contact  of  spring  and  point 
OD  Ibilc  varytog. 

Fourth  tnals  on  one  cylinder,  compared  with  first  and  second  trials, 
showing  effect  on  time  and  on  amplitude  of  different  springs  when  the 
naimer  in  which  they  were  attached  to  plate  was  varied.  The  spring 
TaK  held  by  a  screw.  In  all  other  trials  of  both  series  it  was  h<dd  by 
tbree  projections. 

BeftHc  using  the  Fraohford  interrupter  the  one  belonging  to  the  instra- 
ment  here  was  tried.  Four  daya  were  spent  by  Mr.  &lieilly  in  trying 
to  get  it  into  working  onler,  and  then  so  unsatisfactory  was  the  result 
that  the  Frankford  interrupter  was  sent  for.  This  one  differed  from  the 
former  in  that  the  wooden  block  supporting  the  beam  was  replaced  by 
tro  brans  columns.  After  it  had  been  placed  in  position  Init  fifteen 
miniites  were  occupied  in  bringing  it  into  at^ustment. 

The  Hussell  interrupter  has  been  allowed,  at  different  times,  to  run 
munterraptedly  for  several  hours  without  any  attention  being  given  to 
it.  A  redoction  in  the  amplitude  was  found  to  occur;  by  a  ^ght  turn 
of  the  adjuB'tuig  8<9«w  the  original  amplitude  was  speedily  re-eatabliBbed. 
After  tltu  interrupter  had  b^n  in  operation  for  eight  consecutive  hours 
a  hole  was  found  burned  through  the  end  of  the  spring,  but  the  vilwa- 
ti(Hi  8tiU  oontianed,  though  not  with  the  original  amplitude.  The  posi- 
tioD  of  the  spring  in  the  holder  was  quickly  changed,  and  the  interrupter 
vu  again  in  proper  order. 

Iq  ttie  preceding  tables  some  discrepancies  will  be  observed  which 
»imot  be  satisfactorily  accounted  for :  first,  the  variation  in  the  time, 
wboi  ttie  t«nperature  of  the  air  was  changed  (see  trials  third  of  first 
Kriee),  is  greater  for  the  Russell  than  fbr  the  Schnltz ;  second,  the  varia- 
tkm  «r  time  between  the  first  and  second  trials  with  each  inteiTuptw, 
in  the  first  series,  is  marked,  and  without  cause ;  third,  the  three  cases 
rworded  in  the  fifth  trial,  second  series,  are  veiy  uniform,  but  do  not 
■fCM  with  Idle  time  given  in  the  first,  second,  fourth,  and  sixth  trials, 
til  of  vhic^  are  quite  uniform. 

In  the  third  trial,  where  the  pressure  was  "medium"  and  **  strong," 
the  vibration  of  the  fork  was  undoubtedly  affected  by  the  contact  of  the 
spring. 

Some  of  the  trials  were  not  pursued  to  an  extent  suiBdent  to  make 
the  results  of  value. 

The  effect  on  time  of  vibration,  with  any  interrupter,  prodaoed  by  a 
fmat  change  in  the  temperature  of  the  air,  and  consequently  of  the 
letal  parts  of  the  instrument,  is  more  interesting  than  useftil,  as  in 
[ractice  uo  such  variation  is  liable  to  occur.  The  clock  bdng  acted 
npoD  by  such  change  muvli  more  than  is  the  instrument  proper,  would 
I'auKe  variation  in  the  re<.^ort1.    M'hen  such  tests  are  matle,  the  clock 
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ehonld  therefore  be  kept  at  a  aoifonu  temperature,  which  was  not  done 
in  the  triaU  in  question.  It  would  seem  bat  prop«r  that  under  all  cir- 
comatances  a  more  accurate  time-piece,  as  a  chronometer,  sboold  be 
employed  witii  an  instroment  intended  to  record  such  minute  intervals 
of  time. 

From  the  first  series  the  mean  of  all  the  trials  with  the  Schnltz  inter- 
rupter gives  the  "  mean  error  in  one  second  "  as  :t  0.0888  double  vibra- 
tion, or  ±0.00035  second,  and  the  same  for  the  Bussell  as  =1:0.08  double 
vibration,  or  ±0.00032  second. 

These  results  vary  but  little  from  the  limit  of  allowable  error  estab- 
lished by  Captain  Prince,  Ordnance  Department,  in  the  elaborate  e^er- 
iments  made  by  him  at  the  Frankford  Arsenal  in  Kovember,  1871  (Ord- 
nanoe  Notes.  Ko.  TV). 

If  the  reaoings  taken  in  the  second  and  third  trials  of  the  first  series 
be  discarded,  the  errors  fall  much  below  that  given  by  Captain  Prince. 

The  trials  that  have  been  made  so  far  are  in  some  respects  only  pre- 
liminary; but  they  are,  in  my  opinion,  sufficient  to  prove  the  value  of 
the  interrupter,  and  that  it  can,  witli  good  advantage,  be  substituted 
for  the  one  supplied  by  Schnlt^  for  use  with  Lis  chronoscope. 

The  spring  noted  No.  1  (0".l  wide)  is  believed  to  be  the  most  suita- 
ble, though  any  spring  will  probably  give  uniform  results.  The  press- 
ure of  the  spring  against  the  platinum  point  should  be  "  light." 

The  eating  away  of  the  spring  by  the  spark,  and  its  roughening  be- 
rfore  perforation  occurs,  are  i>oints  readily  overcome  by  moving  the 
spring  or  by  substituting  a  new  one.  Ordinarily,  the  machine  would  be 
used  for  a  long  time  before  any  wear  would  be  noticeable. 

lie  simplicity  of  the  interrupter,  its  ready  adaptability  to  any  tuning- 
fork,  the  impossibility  of  its  getting  out  of  orider,  aud  the  ease  with  which 
it  is  at  any  time  speedily  adjusted,  promise  to  make  it  of  much  value. 

Irrespective  of  the  construction  of  this  device,  most  uniforih  results 
are  obtained  by  it,  with  a  greater  ampUtude  of  vibration  than  is  practi- 
cable with  the  Schultz  iuterrupter,  aud  with  much  less  strength  of 
battery. 

Very  snccessful  experiments  hare  been  made  here  wit^  an  auxiliary 
pointer  attached  to  the  bed  of  the  metal  standard  8  S  projecting  at  r, 
by  which  the  middle  line  is  traced  whilst  the  fork  is  vibrating.  This 
pointer  is  a4)usted  so  that  the  fork  being  at  rest,  it  and  the  pointer  on 
tii6  fork  wiU  describe  the  same  path  on  the  cylinder. 

An  alteration  which  might  with  Uttle  labor  be  made  iu  the  ohrono- 
scope,  but  which  would  render  it  still  more  compUcated,  possibly  with- 
out commensurable  advantage,  would  be  the  introduction  of  a  second 
BuhmkorfF  coil,  with  its  battery,  by  which  the  clock  could  record  its 
beats  constantly  on  the  cylinder  to  one  side  of  the  siuaous  line  whilst 
the  rupture  of  the  targets  could  be  noted  on  the  opposite  side.  This 
might  require  the  employment  of  a  different  tran^ting  screw,  and  a 
reduction  in  ttie  nomber  of  readings  which  the  cylinder  is  now  capable 
of  contAining. 

Note. — On  the  completion  of  the  fifth  trial  of  the  second  series  the 
spring  was  foond  to  be  loose  in  the  bolder,  one  of  the  projecting  pieoes 
being  broken ;  this  had  to  be  repaired  before  the  sixth  trial. 

By  this  airangement,  a  break-circuit  chronometer  being  used,  one 
soorce  of  ktcnt  should  be  reduced  to  a  mininniiiTi. 

Tlds  interrupter  is  fhlly  described  in  the  following  letter  of  First  Lieut. 
A.  H.  Bussell,  Ordnance  Department,  United  States  Army: 


,Goo'-^[c 


REPOBT   OF   THE  CHIEF   OF  OSDNAtrCE. 


jmrtcr', 

Fii.  2  ahowB  the  new  device.  B  is  a  brass  plate  -which  is  fastened  to  the  table  A 
(fi|[.  1)  bj  thp  screw  d  workine  throiieL  the  Bhit  j  into  the  haee  of  the  clamp  6  (fig.  1). 
Thu  screw  gboDld  have  a  milled  beaa,  un  at  d'  (tig*.  2  and  3).  Hiveted  or  screwed  to 
the  pUte  £  ia  bh  elastic  strip, «,  Atted  with  a  screw  as  at/,  or  simply  with  projectioTu 
u  at/,  to  hold  the  spring  ».  A  screw  (O  works  thronEh  the  plate  B  against  uie  strip 
t,  Ibncby  raisiiis  or  lowering  the  end  of  the  latter.  Bj  this  means  the  spring  i,  for 
width  a  piec«  ofwatch-spring  may  be  nsed,  can  be  pressed  wainst  the  platmiun  point 
/  Gicd  OD  the  inner  side  of  the  connterpoise  m  of  the  tnning-fork. 

The  fork  and  the  spring  are  connected  with  the  opposite  poles  of  a  galvanic  battery, 
tai  the  cnnmt  is  made  and  broken  at  t)  by  the  vibration  of  the  fork. 

Fn  siyilBtment  the  plate  B  is  slipped  under  the  table  A  and  fastened  by  the  screw 
i.  to  that  the  spring  i  is  jnst  ont  of  contact  with  the  point  p. 

Fig.  3  ihawB  the  tnning-fork  with  the  new  intermpter  in  position  and  the 

tiiHU  complete.     A  thamb-ecrew  (r)  is  attached  to  the  base  of  the  fork  for  n 

Boe  wire  mna  the  battery.    The  other  wire  runs  abont  the  electro-masnets  at  H,  and 

ihrDce  to  the  thumb-screw  b.    A  battery  of  four  Bnnsen's  cells  works  the  interrupter. 

Tfac  wires  being  B^iiisted,  the  circuit  is  completed  at  p  by  a  turn  of  the  screw  I,  and 
tbr  clrctro'mafrnets  becoming  magnetized  draw  the  prongs  apart.  This  bieake  contact 
u  f;  the  fork  flies  back  and  continaes  to  vibrate,  the  contact  being  made  and  broken 
«  »iCTj  vibration. 

Tht  advantage*  of  this  device  over  the  old  intermpter  are  as  follows ; 

1.  The  a^oatmeDta  are  exceedingly  simple,  and  thev  reqaire  but  little  time,  while 
vitli  (be  detached  mercnry  intermpter  they  are  very  delicate  and  difflcnlt. 

1  The  maoipalfttion  is  very  simple  and  rapid,  a  mere  turn  of  the  screw  prodnoing 
•ibruioQ. 

3.  The  use  of  the  mercnry  cnp  is  entirely  avoided. 

L  Extra  electro-magnets  for  the  interrupter  ai«  dispensed  with,  and  the  strength  of 
tbc  battery  can  be  greatly  reduced. 

S-  llie  airaagement  is  cheap  and  simple,  and  not  easily  deranged. 

This  intermpter  haa  been  in  constant  use  for  several  months,  and  it  has  been  prac- 
tintly  and  sncc«asfally  tested  with  the  loachine. 
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APPENDIX  I. 

the  application  of  formulas  akd  oeneeal  tables  to  problems 
h  practical  gunnery.  by  capt.  george  w.  mckee,  ordnance 
depabtment,  united  states  army. 

Saitdy  Hook,  Kew  York  Harbor, 

October  24, 1875. 

Id  obedience  to  the  instructione  of  the  Chief  of  Ordnance,  the  follow- 
ing tables  of  energies  were  calculated  for  the  15"  BodmaQ  gtm  and  the 
8"  rifle  converted  &om  a  10"  Kodman  smooth-bore  gun. 

Accompanying  this,  also,  are  Bonie  of  the  formalae  used  in  the  prepa- 
ration of  reports  by  the  board  on  exx>eiiinental  gnns,  convened  under 
orders  of  the  War  Department,  October  10, 1874.  Some  of  these  were 
uken  &om  the  very  able  "Text -Book  on  the  construction  and  manu- 
ferture  of  the  rifled  ordnance  in  the  Britiah  service,  from  the  report  of 
Capt.  W.  H.  Noble,  of  the  Royal  Artillery,  on  the  penetration  of  iron 
armor  by  Bteel  shot,"  and  from  the  "  Ordnance  and  Qunnery"  of  liieut^ 
CoL  J,  G.  Benton,  United  States  Ordnance  Corpa. 

Following  will  be  found  a  brief  description  of  the  subject-matter — the 
cases  being  calculated  for  the  8"  and  9"  converted  United  States  rifles; 
bat  flieir  statements  being  made-  mostly  in  the  language  of  the  "  Text- 
Book,"  above  referred  to,  which  could  scarcely  be  imi)roved  on. 

In  order  to  det«rmine  the  initial  velocity  of 'a  projectile,  it  is  iiecesaarj- 
to  kDow  the  exact  time  it  consumes  iu  iiassing  OA~er  a  given  distance. 
This  is  conveniently  detenuined  by  electricitj- — the  projectile  pasting 
throagh  wire  targets  and  thus  breaking  the  circuit — the  time  of  flight 
being  recorded  by  various  ingenious  instruments.* 

At  Sandy  Hook  the  wire  targets  have  an  interval  of  100'  between 
lliem,  the  first  target  being  GO"  from  the  muzzle  of  the  gun.  The  instni- 
ment  therefore  records  the  precise  instant  when  the  shot  cuts  the  first 
tai^t  at  sixty  (CfK)  feet,  and  the  second  at  IIW  &om  the  muzzle  of  the 
gim.  Hence  the  time  occupied  in  passing  from  the  first  to  the  second 
target  (a  distance  of  100*)  is  known,  and  by  dividing  this  distance  by 
the  time,  the  velocity  of  the  projectile  at  a  jHtint  midway  between  the 
targets  is  found.  It  will  be  seen  that  this  is  the  remaining  velocity  of 
the  projectile  at  110*  from  the  muzzle  of  the  gnu.  In  order  to  get  the 
KMaleteUicitif,  it  is  necessary  to  calculate  the  loss  due  to  the  resistance 
of  the  air  over  this  distance  of  llC,  and  the  formula  employed  for  tliis 
purpose  by  Capt.  W.  H.  Noble,  B.  A.,  has  been  used  in  the  preparation 
of  tables  accompanying  reports  of  these  experiments. 

This  fonmila  is  as  follows: 

_  V 

"^  -  1  +  c  V  ;r  (I) 

where  t 

re  remaining  velocity  in  feet. 


lixlic  macbjoe  And  thread  Te)ociiiiet«r,  the  Le  Bouleuge  cbronograph,  and  the  Leim- 
Xavpz  machine,  as  those  general!;  nsed  by  American  ordnance  offlcent. 

'Ten-Book  on  the  couatruction  and  manufacture  of  the  rifled  ordnance  iu  the  Bcitish 
•■TTice,  page  196. 
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R  =  radius  of  the  projectile — ^in  feet. 
W  =  ireight  of  the  projectile— in  pounds. 
b  =  a  variable  coefficient  depending  on  the  form  of  the  Bbot  aud 
velocity  of  the  projectile, 

Now  the  ogival  form  of  head  is  that  n8e<l  for  all  service  elongate*!  j»ro- 
jectiles,  and  for  this  form  of  projectile,  and  for  velocities  over  XlOO'  a 
second,  b  mav  be  supposed  constant,  and  for  all  practical  puriK>seis  iit 
assume^l  to  be  0.UOUU63. 

Suppose,  for  example,  we  wish  to  find  the  muzzle  (or  initial)  velocitv 
of  a  i86-pound  projectile  flred  from  the  Uuite<l  States  8"  convertMl  rifle 
No.  1,  the  ob8er\-ed  or  instrumental  velocity  being  1308'.  In  tbis  case 
we  have — 

Diameter  of  shot  =  7.95  inches.* 
R  =  0.33125  feet. 
B'  =  0. 1097205025  square  feet. 
6  =  0.000003. 
6  K»  =  0. 0000009127734375. 
W  =  186  poonds. 

c  =  ^  =  .0000000371G544S5 


By  transposing  the  equation 

Y 
1+  cVx 


1  —  c  r  J 
Substituting  the  above  values  of  r  c  and  x,  we  have 
,,  1368 


(1) 

(a) 


1  _  .IKKKKKH 137 1654485  x  1308  x  11« 
Taking  equation  No.  1  to  find  the  remaiiiinp  velocity  at  1,000  yards. 
we  substitute  the  values  of  c  V  and  r  (r  =  3(HM.l)  and  have 


To  determine  the  energy  or  ris-viva  of  a  pi-ojectile  at  any  i»oint  of  its 
flight  in  foot-iKJunds  the  old  and  well-known  fonunia  {3}t  E  =  ^Z*   is 

used,  in  which 

W  =  weight  of  projectile  in  jKiuntK 
V  =  velocitv  in  feet. 
ff  =  force  of  gravity  (32.2). 
To  convert  these  foot-pounds  into  foot-ton.s  di\-ide  by  2240. 

Taking  the  above  example  and  substituting  the  values  of  E  r  and  *;, 
we  have 

J,       186  X  1376"       n,,t  e    ... 
E  =  ^-^^  zs  2441  foot -tons. 

*  As  the  Mtbot  ill  ezpnnilinf;  brio)^  the  dinmettr  of  thxr  portion  of  tlie  chot  nii  i<>  -> 
iDcheR.  Eniighl  very  properly  lie  uiade  4  iiiplies;  but  as  the  body  of  tiie  hUoI  bi'iI  tv- 
tains  ita  orii^inal  diameter,  aiid  every  variety  of  aabot  does  not  ntcmnaritg  tatr  llic 
groovea  well,  it  was  tlionglit  safer  to  take  tbe  diameter  the  shot  has  before  Uriliir 

tg  ii  taken  equal  to  32.2;  its  aetiial  value  in  K.ieSiST  +  for  the  latitude  of  Now  Viirfc 
City.  Aa  it  enters  the  divisor,  the  values  of  E  will  therefore  be  leas  than  theavlintl 
energies  of  the  gun — thus  basiuij  the  subsequent  calculations  on  a  liberal,  safe,  aiul 
reliable  miirgiD. 
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Knowing  the  energy  of  tlie  projectile  at  any  point  of  lt«  flight,  its  pene- 
tntire  pover  can  be  determined  readily  on  the  principle,  ba^  ou  actual 
eiperiment,  that  the  resistance  to  penetration  of  a  pi-ujectile  into  armor 
plateij  t-mea  directly  aa  the  diameter  or  circumference,  the  tottU  energ>' 
being  coiiatant. 

For  instance,  if  two  shot,  of  the  same  weight  and  moving  with  the  same 
rtlodtif,  have  one  a  diameter  of  10"  and  the  other  only  u",  the  resistance 
lo  penetration  of  the  former  will  be  twice  that  of  the  latter.  Therefore, 
M  determine  the  penetrative  power,  divide  the  energy  by  the  number  of 
inrhes  in  the  shot's  circumference. 

Tbifl  gives,  at  a  glance,  to  artillerists  the  relative  powers  of  gitns  in 
foot  tons  iKT  inch  of  circumference  of  their  projectiles. 

Taking  the  above  data  at  the  muzzle 

B  =  3.975  iacbes 
2  JT  R  =  24.9757, 

we  fiml  by  snbtitituting  these  values  in  this  expression  for  energy  divided 
by  shot^s  circumference  in  inches 

CI  W  r»  186  X  137ff  „_  -  -„.  .„  „        , ., 

^   =  JJ2^  =  (M.4  X  24.975;  x  2M0  °  ""  ^°°"°°^      **' 

Didion's  formula  for  practical  use  may  be  briefly  summarized  as  fol- 
lows: 

Un  page  403,  Benton's  Ordnance  and  Gunnery,  will  be  found  the 
64]  nation 

^  =  A  ^  I^*  (l  +  ^)r*  (5) 

where  />  =  general  expression  for  resistance  in  air. 

A  =  resistance  in  pounds  on  a  square  foot  of  the  cross-section 

of  B  projectile,  moving  with  a  velocity  of  one  foot, 
r  =  a  linear  qnantity  depending  on  the  velocity  of  the  projectile, 
and  for  all  semce  velocities =1427  feet. 
On  page  405  we  And : 

AtB* 

Te  '-"f^  ''''"'=   J^W  (C) 

in  which 

•A  =  same  as  above  and  for  all  service  spherical  projectile8= 
0.000514. 
g  =  force  of  gravity. 
K  =  radius  of  projectile  in  feet, 
r  =  weight  of  projectile  in  pounds. 

c  =  relative  ability  of  a  projectile  to  overcome  the  resistauoe 
of  the  air. 
On  page  415  will  be  found  one  of  the  equations  of  the  trajectory  in 
air,  r  =  -^  (7). 

in  which  r  =  remaining  velocity  in  feet 
V  =  initial  velocity  in  feet. 

U  =  a  moltipUer  relating  to  the  velocity,  being  a  function  of 
o  Copt.  Williani  Prince,  Ord- 
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X        V 

—and-- ;  x  representing  the  horizontal  distance  in  feet,  from  the  muz- 
zle of  the  gnn,  of  that  point  of  the  trajectory  where  the  remaining  ve- 
locity is  desired. 

To  facilitate  the  calcnlations  a  table  of  values  for  U  has  been  com- 
puted, and  will  be  found  on  page  612,  Beuton's  Ordnance  and  Gunnery. 

X        V 
Having,  ft^m  the  previous  data,  found  the  values  of  -—  and  — ,  look  in 

Table  3  (Values  of  TJ  for  velocities,  &c.),  on  the  upper  horizontal  line, 
for  the  next  nearest  tabular  number  to  the  value  of  — ,  and  in  the  left- 
hand  vertical  column  for  the  corresponding  next  nearest  tabular  num- 
V  X  \ 

ber  for  — ,  subtract  these  tabular  numbers  from  the  values  of  ■—  and  — 

already  found.    Diride  these  differences  respectively  by  1000  and  500. 

X  Y 

Subtract  the  value  of  -  from  its  next  horizontal  number,  and  of  — fh)m 

.  midtiply  tlu 

EXAMPLE. 

Find  the  remaining  velocity  of  a  15"  smooth-bore  solid  shot,  weight 
4dO  pounds,  at  400  yards  from  the  muzzle — the  muzzle  velocity  being 
1700',  diameter  of  shot  =  14".90. 
Taking  equation  (6)  we  have : 

*g=  32.2 

A  =  .000514 

ic=  3.1416 

R  =  .020833' 

I^g-  S  =  log-         32.2  =  1.507856 

Log.  A  =  log.        .000514  =  ~  4.710963 

Log.  Jt  =  log.  3.1416  =      0.497151 

Log.  E  =  log.        .620833  =  — 1.792975 

Log.  R  =  log.        .6208;{3  =  — 1.792975 


Log.  450  = 


-  2.301920 


Log.  2  c  =  4.351293 

2  c  =  22453.99 

c  =  11226.99 


*Ai:conliDg  to  the  calculfttinns  uf  Mr.  H.  A.  Sinclair,  nbo  worked  n  Iiw^e  share  of 
theie  tables^  the  value  of  g  for  New  York  City  is  33.108557  + feet,  hy  Biibtra«tiiig  frum 
the  value  ot  a.  at  45'^  latitude,  the  product  of  .Oftil  into  the  coBineof  twice  thu  lati- 
tude of  New  York ;  and  by  8al)iiio'8  method  of  multiplviliK  the  leDgth  of  the  necniidti 
pendulum  for  New  York  by  n*,  g  =  Vi,  160592  + ,  niakine  a  difl"«rtnce  of  not  q.iiic 
elght-thouaandtliB  of  a  foot  between  the  two  methods.  Three  methodH  are  as  follows : 
0  =  32,1808  — 0.0821  cos.  at       (,.,  „         , 

L  =  latitude  of  New  York  City.     O^na"™  Manual. 


L  =  latituile  of  New  York  City. 
1  =  0.99102557  +  0.00507188  aiu- 
{,=  len^h  of  Beciinds  jienduluin 


Sabine. 


The  latitude  of  New  York  City  =  40°  42"  43".  16  was  taken  from  the  Unifod  States 
Coast  Survey  Charts. 
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X  1200 

e  = =1069 

11226.99 
V        1700 

U  (0.1069;  1.1913)  =  1.120 
U  {0.10;  1.15)  =  1.110 
«9 
i^  116  =  .008 

^3  =.002 
T      1700 

In  a  very  interesting  work  by  the  Rev.  Professor  Francis  Bashfortb, 
fbonded  oa  experimeutH  made  with  the  Btwhforth  chronograph,  there  will 
be  fonnd  in  chapter  "V,  page  67,  a  description  of  the  general  tables 
appended  to  the  book  and  instructions  for  their  use.  The  jtntfessor 
remarks  that  it  will  be  found  sufficient  for  many  practical  purposes  to 
wgkKt  the  effect  of  gravity,  and  treat  the  motion  of  a  shot  as  if  its  path 
■■ere  a  straight  line,  when  it  is  desired  to  find  the  loss  of  velocity,  or 
th«timeof  flight  for  a  limited  space,  the  initial  velocity  being  high; 
aod  that,  therefore,  this  method  will  apply  better  to  pointed  elongated 
«hot  than  to  spherical  shot,  and  better  to  solid  shot  than  to  shell  of  the 
i«me  external  form. 

An  previously  stated,  the  velocity  of  a  shot  is  determined  while  it  is 
Jestribing  a  given  short  range — the  space  in  fet't  being  divided  by  the 
time  in  seconds,  to  get  a  result  which  is  adopted  as  the  approximate 
velority  at  the  middle  point.  Suppose  the  path  of  the  shot  to  be  a 
'drsight  line,  and  the  cubic  law*  of  the  resistance  of  the  air  sufficiently 
•(^cnrate  for  all  cases  in  practice — then  the  method  of  determining  velo- 
city may  be  shown  to  be  correct  for  any  range.    Professor  Bashfortb 

deduces  for  the  reduced  range  the  following  expression,  — »,  and  applies 

it  in  a  very  simple  table  for  the  convenience  of  the  practical  artillerist. 
In  this  expression 

d  =  diameter  of  a  spherical  projectile. 
w  =  weight  in  lbs.  of  a  spherical  projectite. 
a  =  distance  (torn  muzzle  of  gun  where  the  remaining  velocity 
is  rennired. 
To  apply  this  to  the  ease  of  a  15"  Bodman  solid  shot  of  450  ponnds, 
noring  with  an  initial  velocity  of  ITOC,  at  a  target  1000  yards  distant, 
*ehave 

d  =  14".90 
»  =  450  pounds. 
«  =  3000' 


'Equtioo  of  motion  for  thenibiclaw  of  ruistance  U  ^^  =^  =  —  SB»*. — (Bssb' 
^h'«  Uotiou of  PniJectilPH,  pagH  ti7.) 
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Opposite  the  velocity  1700  in  the  table*  we  find  541,  and  adding  1479,9 
to  this,  we  have  2020.H,  opposite  which,  in  the  same  table,  we  find  1266, 
which  is  the  required  atriking  velocity. 

Now  in  order  to  llud  the  penetration  of  the  projectile,  at  any  point  of 
its  fli{;ht,  into  backed  amior  platc's^t  the  following  formula  of  Captain 
Noble  will  be  found  very  simple  and  of  great  practical  value : 


"  V  4  ,r  K  o  K 


In  which  t      6  =  penetration  in  inches. 

V  =  velocity  on  imjiact  in  feet. 
W  =  weight  of  shot  in  pounds. 
g  =  force  of  gravity- 
It  =  radius  of  shot  in  feet. 

K  =  a  coefticeut  dei>ending  on  nature  of  wrought  iron  in 
plate,  and  nature  and  form  of  head  of  shot. 
Supi>osing  the  target  to  be  backed,^  with  our  ogiyal  projectile,  and  tak- 
ing the  same  case  as  before,  w«  have 

K  =  4821480 
4  7C  R      =4.  W2ii2 
inU  g  =1M.  0:16364 
W  =  186  iiounds. 
V  =  1000  feet. 
SultHtitiiting  these  values  in  the  equation,  we  have 


b  =  1000  .  /i;i4.0;j6;W4  x  4831480  =  6,44  inches. 


It  should  be  remarked  that  this  value  of  ft  corresponds  to  a  "  wort " 
which  would  jtutt  i)enetrate  a  backed  armor  plate  when  a  projectile  of  1H6 
poimds  weight  has  a  velocity  on  impact  of  lOOC,  For  example,  in  table 
No.  1  (see  foot-note)  we  see  that  a  pr<yectile  of  180  pounds  weight  liaa, 
at  400  yards  (120<V), 

A  total  energj-  of  2044  foot-tons ; 

Energj-  per  inch  of  shot's  circumference,  82,6  foot-tons; 

And  a  i»enetrative  power  of  7",69. 

Tliis  means  simply  that  this  "work  "on  impact  of  2044  foot-tons,  at  1200' 
f^-om  the  muzzle,  is  junt  capable  of  piercing  an  unpacked  wroiigUt-iroii 
armor  plate  having  a  thickness  of  7".09, 

It  should  be  understood  that  by  penetration  is  meant  actual  per/oration 
through  the  plate,  or  the  i>ower  of  pausing  tliroagh  the  platei  In  the 
case  of  i>enetration  into  ii-on  plates  the  term  indent  has  been  used. 

Although  experiments  conducted  for  the  elucidation  of  this  8ubje<-t 
have  been  extremely  limited,  on  account  of  the  attentlant  expense,  enough 

•Table  No.  4,  appended,  tak^n  fiiim  "  BsHhforth's  Motion  of  I'rojuctilps." 
jTlie  slint  is  diii^HiHrd  tu  Ik  of  tbe  bent  i|n«Hty  of  Bte«l  und  the  ptate  of  tlic  bcwt 
qnolilf  of  wroiiiilit  iron. 
ib  iH  actually  the  thickoRna  of  the  plnte  in  feet,  aod  the  penetration  in  inches  jt> 

/^~\V~~ 
obtained  by  multiplying  by  12  the  value  ohtoiued  of  r  .j  V  —  ij  -  ir 

^Table  No.  1  ih  eHlculnled  for  ifnbackfd  platen,  and  the  value  of  it  is  ftmnmed  eqnul 
to  5.157300,  whirh  Captain  Nohle  takca  oh  the  valne  of  this  coefficient  in  the  cmu  <if 
unbackcil  amiur  ]>lateH,  irheii  hmiaphfTiral-hradei  /trof^afi/raareuited.    The  mere  i«tat«- 
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baa  been  gatbered  bom  native  and  forei^  sources  to  warrant  the  fol- 
luwiDg  practical  conclusions,  vheu  the  projectiles  are  fired  direct,  that  is 
to  saj,  when  the  plane  in  which  the  shot  moves  is  perpendicular  to  the 
fu*  of  the  plates. 

•  First,  An  unbacked  wrought-iron  plate  will  be  perforated  with  eqnnl 
&cility  by  solid  steel  Bhot.  of  similar  form  of  head,  and  haviug  the  same 
(iiameter,  provided  they  have  the  same  its- viva  on  imi>actj  and  it  is 
immaterial  whether  this  vis- viva  be  the  result  of  a  heavj'  shot  and  a  low 
velocity  or  a  light  shot  and  a  high  velocity,  within  the  usual  limits  of 
leijgtii,  &c.,t  which  oceur  iu  practice. 

Second.  An  unbacked  iron  plate  will  be  penetrated  by  solid  steel  shot 
of  the  same  form  of  head,  bnt  different  diameters,  proxided  their  strik- 
ing vis-viva  varies  as  the  diameter,  nearly,  that  is,  as  the  circumfereuce 
of  the  shot. 

Thud.  That  the  resistance  of  unbacked  wrought-iron  plates  to  abso- 
late  i)enetnitioti  by  solid  steel  shot,  of  similar  form  aud  equal  diameter, 
^"aries  as  the  square  of  their  thickness,  nearlj'.f 

Fourth.  These  exi)eriments  have  proved  that,  although  in  the  case  of 
rMt  hoD,  a  light  projectile  moving  with  a  high  velocity  will  indent  iron 
jjlates  to  a  greater  depth  than  a  heu\'ier  pixxjectile  with  a  low  velocity, 
but  equal  "work,"  it  is  not  as  necessarj- that  there  should  be  a  high  velocity 
wheu  the  projectiles  are  of  a  hard  material,  such  as  steel  and  chilled  uvn, 
and  this  result  will  be  much  in  favor  of  rilled  guns,  by  enabling  them 
to  prove  effective  with  comparatively  moderate  charges. 

It  is  almost  unnecessary  to  state  that,  for  any  given  thickness  of  plate, 
equation  8  may  be  used  to  find  the  velocity  corresponding  to  a  "  work" 
which  woidd  just  penetrate  it. 

The  charge  of  powder  necessary  to  give  a  certain  number  of  footrtons 
inay  be  approximated  to  conveniently  by  using  the  practical  rale  for 
initial  veloci^,  as  follows :  5  ^or  the  ordiuary  purposes  of  practice,  where 
tlie  weights  of  the  powder  aud  projectile  alone  vary,  initial  velocities  may 
if  atngidered  oa  directly  proportional  to  the  square  root  of  the  weight  of 
?o«der,  divided  by  the  square  root  of  the  weight  of  the  prcjeetile;  or 


V"    -J' 


The  United  States  9"  converted  riflcj  with  a  charge  of  40  pounds  Dn 
Pont'a  hexagonal  powder  and  a  projectile  weighing  230  pounds,  gives  a 
muzzle  velocity  of  1395',  which  corresponds  to  a  work  of  (i'J50089  foot- 
pounds, what  charge  of  powder  will  raise  the  "work"  to  7.000.000  foot- 
[nuDdsf 

Taking  eqaation  (3)  B  = 

we  And  ^..^.-*^  =  7.000.000  ftom  which  v  =  1400. 
64.4 

'Srport  OD  Penetration  of  Imn  Anuor  Plates.    Capt.  W.  H.  Noble,  R.  A. 
1:!^  lUftiDctein  ia  Ahoat  limit  of  length. 
tWhen  platre  are  of  the  best  quality. 
tBrnton'*  Ordnaoce  and  Ounuer;,  page  3r~ 
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The  weight  of  the  projeetilea  being  the  same  (230  pounds)  in  this  case, 
the  proportion 


from  which 


:  6^77 


Substituting  the  values  of  V  (1395),  V  (1400),  and  j>'  (40), 

1400    /  40 

"V  =  ( 

1395 

J)  =  40.29 

It  is  understood,  of  course,  that  the  above  method  is  only  marginally 
correct,  and  gives  the  artilterist  an  idea  oS  about  vhai  charge  of  powder 
to  nse  in  "feeling"  for  velocity  or  range. 
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RBPOBT  OF  THE  CHIEF  OF  OBDKAKCB. 


APPEXDIX  K. 


(Six  plates.) 

Besicia  Aesenal,  Cal., 

March  30, 1876. 

The  cbemical  combination  of  elastin  and  gelatine,  tlie  two  principal 
constituents  of  the  skins  of  animals,  witli  tannin  or  tannic  acid,  forms 
leather. 

Eltutia,  or  tbe  homy  matter  of  tlie  skin,  is  the  most  important  con- 
Htitnent,  and  is  "perfectly  iniioliihle  in  cold  or  boiling  water;  also,  in 
ammonia,  acetic  acid  or  alcohol."  Tannic  acid  is  the  only  acid  wbioh 
gives  a  precipitate  with  the  neutral  solution. 

Gflatine. — This  substance  is  generated  from  the  cellular  tissue  by  the 
action  of  hot  water. 

With  tannic  acid  or  inftuioa  of  nat-gsllH  Eelatiiie  giveB  a  ci)[tiaii«,  whitish,  onrdv 

Eipitat^,  whicli  mherei  on  stirring  tn  an  eVaatio  mass  quite  iusolulile  in  water,  and 
pahte  of  putrefaction.    Taiinic  tn-id  in  the  oulj  arid  that  gives  a  precipitate  with 
*Hdation  of  gelatine.     It  doeH  bo  «veii  when  the  solution  U  ezceedin([l;  dilote, 

fnxiiH-  aruh  or  tannine. — "  These  substances  constitute  the  astringent 
principles  of  plants,  and  are  widelj'  diffused  in  one  form  or  other  through 
the  vegetable  kingdom.  Tannin  is  a  slightly  yellowish,  friable,  porous 
maws,  ha\ing  no  tendency  to  crystallization.  It  is  very  soluble  in  water, 
lesa  so  in  alcohol,  and  very  slightly  soluble  in  ether.  It  reddens  litmus, 
and  possesses  a  pure  astringent  taste,  without  bitterneaa," 

Dilute  tannic  acids  are  used  for  tanning  puqK>ses,  and  are  simplj'  in- 
ftL«iuns  of  ground  oak-bark,  hemlock-bark,  sumach,  valonia,  or  some 
other  astringent  vegetable  matter. 

The  principle  of  tanning. — This  may  be  stated  as  follows:  Take  the 
Bkin  of  an  animal,  remove  from  it  the  hair,  fat,  loose  flesh  and  other  im- 
pnrities,  and  immerse  it  in  a  dilute  solution  of  tannic  acid ;  the  cellular 
•lod  elastic  tissues  will  gradually  combine  witii  that  substance,  as  it 
penetrates  toward  the  interior,  and  will  form  a  comi>ound  i>eifi'ctly  in- 
wituble,  and  which  will  completely  resist  putrefaction ;  this  compoimd 
i"  leather. 

The  hides  tanned  on  this  coast  are  generally  divided  into  two  classes, 
••  slaughtered "  hides,  or  those  fresh  from  the  abattoirs,  and  "salted" 
hides,  or  those  which  have  been  salted  in  order  to  prese^^'e  them  trom 
pntrefaction  until  they  reach  the  hands  of  the  tanner.  Verj-  few  dry 
hides  are  tanneil  here.  It  is  said  that  the  "  slaughtered  "  and  "  salted" 
hides  make  better  and  smoother  leather  than  dry  ones,  and  are  more 
easily  and  qnickly  tanned.  Tanners  here  also  state  that  the  leather 
they  make  from  drj-  hides  is  inferior  to  that  ma<le  from  the  same  stock 
in  the  Eastern  States,  but  that  the  leather  made  from  wet  hides  on  this 
coast  is  siii>erior  to  the  correspcmding  Eastern  manufacture.  The  pro- 
fess of  preparing  leather  from  the  cnide  skin — as  practiced  by  tanners 
on  the  Pacific  coast— comprises  three  dejtartments,  which  are  almost 
entirely  disKnct  from  one  another,  viz : 

(  1.  The  beam-hoitse. 

The  operations  of ^2.  The  tannery. 


.  The  cuiiying-shop. 
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1.  THE  BEA3f-HOU8E. 

The  green  and  salted  hides  are  bronf^ht  here  first,  and  are  pat  to  soak 
in  rats  filled  with  aoft  water  for  atwat  three  days,  to  ttoften  them  and 
to  dissolve  and  remove  the  salt.  The  hides  thus  freshened  are  plai'^ 
in  vats  ^T'  x  S'  x  5*  «  size)  containing  milk  of  lime  (t.  e.,  qnick-Ume, 
slightly  air-slaoked  +  water),  where  they  remain  aboat  nine  days. 
They  are  then  taken  from  the  lime-^'ats,  cut  in  halves  and  "  beamed," 
which  operation  consists  in  remo\'ing  the  hair,  adhering  fle»h,  earth,  &v., 
with  the  fleahing-kuife.  The  beam  of  the  beam-house  differs  from  that 
of  the  currying- shop,  as  will  be  seen  hereafter.  It  is  made  of  thick 
planks,  is  semi-cyliiidrical  in  shape,  with  its  axis  making  an  angle  of 
about  4.5°  with  the  floor ;  the  convex  side  is  appermost,  and  the  higher 
end,  agaiuat  which  the  workman  holds  the  skin  by  pressing  against  it 
with  his  body  and  legs  while  be  manipnlates  it,  is  fiuthest  from  the  vats. 
After  l»eing  scrai>ed  and  fleshed  upon  this  beam  tJie  skins  arc  trinimed- 
The  refiise  trimmed  ofl"  is  barreled  and  sold  to  the  glue-tactories  for  glue 
stock,  and  the  hair  is  washed,  drietl,  sacke«l,  and  sold  for  the  plasterer's 
use.  The  homs  and  tails  are  removed  by  the  slaughterer.  Tlic  hi^les  are 
here  di\-ideti  into  three  classes :  Ist,  for  sole-leather — this  comprises  the 
heaviest,  tluckest  and  best  hides ;  2d,  for  liarness-leather — these  hides 
are  selected  for  their  size,  uniform  thickness,  and  flreedom  from  "  brand 
marks,"  gashes  and  holes ;  3d,  for  light  leather — all  those  not  included 
in  the  two  former  classes. 

The  skins  intendetl  for  harness  and  light  leather  are  next  milled  in 
clean  soft  water  for  about  fifteen  minntes  to  remove  the  lime  anil  to 
soften  tliem.  They  are  then  bateil  in  a  strong  solution  of  hen-maniire. 
This  lixinum,  or  bate,  is  made  by  putting  one  bushel  of  hen-manure  in 
vats  half  filled  with  cold  soft  water.  The  manure-vats  are  8'  x  5'  x  4', 
and  will  contain  one  hnndivd  sides.  These  vats  are  cleaned  and  friesh 
liquor  pat  in  once  in  two  mouths.  In  moderately  warm  weather  the  sides 
are  left  in  these  for  one  or  two  days ;  in  cool  weather  more  time  is  re- 
quired. On  removal  frtim  the  manure- vats  the  sides  are  washed,  stoned, 
and  worked  over  (scraped  on  both  sides)  very  carefully  on  the  beam, 
and  all  short  hairs  (new  growth),  earth  and  lime  removed,  lea>-ing  the 
skins  soft,  pliant,  and  ready  for  the  absorption  of  the  tanning  principle. 
Sole-leather  is  never  either  milled  or  bated,  but  is  washed  and  stoned. 
Cold  water  only  is  used  in  the  beam-house. 

This  ends  the  beam-house  vtnk. 

2,  THE  TASN-EHT. 

TViiiitiiij;. — ^The  sides,  when  brought  from  the  beam-house  to  the  tan- 
neiy,  ate  first  placed  in  the  stringers  (or  vats,  9*  x  8'  x  5*)  and  so  tie<l 
up  as  to  hang  lengthwise  in  the  pits.  Seventy  sides  are  )>ut  in  each 
vat  Tliere  they  hang  in  a  weak  ooze  or  inftision  of  oak-bark  for  seven 
days.  They  are  then  handled  daily  for  about  five  days  more.  Haud- 
ling  is  taking  them  out  into  the  air,  smiH>thing  them  out,  sometimes 
rubbing  them  to  remove  ndges  and  wrinkles,  and  returning  them  to 
their  former  position  in  the  stringers.  Each  day  that  they  are  handle<I 
the  strength  of  the  infusion  is  increased  a  little. 

Lai/m. — They  are  now  ready  to  be  put  in  the  layers  ot  lay-aways,  so 
caUe<l  because  here  the  sides  are  laid  away  for  some  time.  There  »rt^ 
fonr  of  these  large  vats,  designated  as  the  ftntt,  second,  third  and  fourth 
layers. 

Ftnt  iai/er. — ^The  mode  of  doing  this  is  as  follows:  First,  if  the  vats 
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be  empty,  a  thin  strattun  of  gronnd  oak-bark  is  spread  over  the  bottom 
of  the  vat ;  npon  IMb  a  skin  is  laid  &at,  with  the  flesh  side  down,  and 
coveitd  with  a  layer  of  gronnd  bark,  upon  which  a  8e<M)nd  skin  in  placed, 
and  60  on  nntil  the  vat  is  filled.  A  thick  stratum  of  oak-bark  is  spread 
over  the  top  and  a  weak  tan-liquor  is  pumped  in  till  the  pit  is  full  S^M>nd, 
if  the  vat  already  contaiuH  the  ooze,  a  stratum  of  dry  pulverized  bark  is 
titremi  upon  the  surface  of  the  liquor,  a  side  placed  upon  this,  then  a 
secnod  layer  of  bark  and  another  side,  and  so  on,  alternating  until  the 
vat  in  filled ;  the  whole  sinkinj;  slowly  in  the  liquor  as  the  weight  is 
gnperadded.  If  the  mass  does  not  sink  readily,  it  is  trodden  down  by 
the  feet  of  the  workmen.  The  fiesh  side  is  always  pla<MMl  downward  to 
a^Did  scratching  the  grain  when  removing  trom  the  vat  with  the  hook. 
The  Hides  remain  in  the  first  layer  about  eight  days. 

Up  to  this  point  the  operations  pursued  with  the  three  classes  (sole, 
harness  and  light  leather)  have  been  identical ;  but  &om  this  stage 
they  are  somewhat  divergent,  and  will  be  treated  separately. 

I.  Sole-leatber. 

Savnd  layer. — The  sides  intended  for  sole-leather,  uiwn  being  removed 
&«m  the  first  layer,  are  pot  down' in  the  same  manner  in  the  second 
layer,  bat  with  a  strong  infusion  of  bark-liquor,  where  they  are  left  for 
eighteen  days,  and  then  taken  out. 

Tkird  layer. — They  are  placed  in  third  layer  as  in  preceding  layers, 
eiwpt  that  here  they  are  subjected  to  the  action  of  a  very  strong  Uqnor, 
and  remain  for  twenty-five  days. 

Fourth  layer. — The  position  of  the  side*  in  this  layer  is  the  same  as  in 
the  others,  but  the  vat  contains  the  strongest  liqaor  that  can  be  made, 
to  which  iH  added  a  solution,  made  by  boiling  together  gambler  ana 
v^nia  in  water  for  an  hour  (proportions :  1  pound  gambier  +  X  pound 
Tulonta  to  each  side  of  leather).  In  this  decoction  the  sides  remain  four 
veeks.    They  are  then  taken  out,  and  the  tanning  is  completed. 

II.  Hamess-leatker. 

The  process  of  tanning  harness-leather  is  the  same  as  for  sole  leather 
antil  the  sides  are  taken  ont  of  the  first  layer.  From  this  stage  those 
ades  intended  for  harness-leather  are  treated  separately. 

Sftond  Uiyer. — In  this  the  sides  are  stratified  in  medium  liquor,  and 
remain  eighteen  days. 

Third  layer. — Then  they  are  put  down  in  the  third  layer  in  strong  tan- 
liiinnr  for  twenty-flve  days,  after  which  they  are  taken  out,  and  the 
tanning  is  finished. 

III.  Light-leather. 

All  Rides  intended  for  light  leather,  on  coming  ont  of  the  first  layer, 
are  ttkived,  split,  and  shave^l.  By  these  operations  the  iiufinished  leather 
U  hardened.  It  is  next  milled  in  weak  tan-liquor  tor  al>out  fifteen  luin- 
ate«,  to  soften  and  render  it  porous  enough  to  imbibe  the  tannin  trom 
the  ooie,  and  it  is  pot  in  the  handlers  with  a  strong  liquor  for  ten  days. 
U  is  DOW  fiilly  tanned. 

3.   THE  CUBBYma-SHOF. 

I.  Sole-leather  currying. 

After  tanning,  the  sole-leather  is  soaked  in  a  weak  solution  of  tan- 
liqiior  for  twenty-foor  honrs,  the  object  being  to  take  out  of  the  snrfoce 


,  Google 


64  BEPOBT  OP  THE  CHIEF  OK  OBDNAMCB. 

of  tbe  sides  a  little  of  the  strong  tanning  material  previously  absorbed 
in  the  vats  of  tlie  fourth  layer,  thns  rendering  them  of  a  lighter  appear- 
ance. (Ujwu  this  light  color  depends  the  selling  quality  of  the  leather, 
buyers  preferring  light,  bright-tinted  sides.)  After  this  the  sides  are 
taken  out  and  washed  witli  sott  water,  vigorously  applied  with  split  or 
bamboo  brooms,  and  are  then  piled  up  for  two  days  under  cover  to  allow 
tiie  water  to  drain  off.  It  is  necessary,  in  order  to  preserve  the  light 
api>earance  of  the  leather,  that  it  be  kept  in  a  close,  dark  room  and  free 
from  currents  of  air,  as  the  slightest  wind  impinging  upon  it  after  eom- 
ing  out  of  the  taji-yat«  turns  it  to  a  deep  brown  color. 

The  sides  are  next  treated  to  a  coat  of  polar  oil,  applied  with  a  brash 
or  swab,  and  are  hung  up  to  dry  in  a  cold,  dark,  close  room  for  eight 
days.  When  dry  they  are  taken  down,  sprinkled  with  water,  and  piled 
in  the  rolling-room  for  twenty-four  hours.  The  sides  are  then  rolled 
under  great  pressure  by  a  brass  roller  driven  by  steam-power,  alter 
which  tliey  are  again  hung  up  for  twelve  hours  to  dry.  When  dry,  they 
are  taken  down,  and  either  the  weight  is  stami>e4l  upon  each  side,  or 
they  are  put  up  in  rolls  of  ten  sides  each  and  the  total  weight  stami>ed 
upon  the  rolls.  The  time  occupied  in  preparing  sole-leather  for  market 
is  117  days  from  tiie  date  that  the  green  hides  entered  the  beam-bouse. 

II.  ffarjieaa-teather  currytny. 

After  tanning,  tlie  sides  for  harness-leather  are  half  dried  to  enable 
them  to  be  worked  easily.  Tliey  are  skived,  and  afterward  milled  in  an 
aqueous  solution  of  sumach  for  about  twenty  ininntes.  One  pound  of 
sumach  to  each  side  of  leather  is  used  in  this  solution.  The  sides  are 
then  scoured,  slicked^  and  stone<l  on  the  grain  side,  and  scoured  and 
slicked  on  the  Aesh  side,  to  rHnore  supertluous  moisture,  glutiuouH  sub- 
stances, and  to  stretch  them.  After  these  operations  have  been  per- 
formed the  leather  is  half  dried,  stretched,  and  set  by  the  vigorous  use 
of  the  slicker  u^ton  the  scouring  table,  with  the  grain  side  down.  It  is 
now  stuffed  with  a  mixture  of  iieat's-foot  oil  and  tallow  (proportions,  J 
tallow  -t-  ^  neat's-foot  oil),  applied  with  a  stiff  hair  bnuh  to  the  flesh 
side,  and  hung  up  for  a  week  to  dry. 

Staininq. — The  sides  are  taken  down  and  stained  on  tlie  grain  side 
with  a  solution  of  logwood  and  sal  soda  (proportions  for  100  sides=10 
pounds  sat  soda  -|-  15  pounds  logwood  4-  water),  api>lied  with  a  hair 
brush. 

Blacking. — They  are  also  blacked  on  the  grain  side  with  a  decoction 
of  iron-nist  and  vinegar,  put  on  with  a  hair  brush,  after  which  they  are 
rubbed  with  hard  tallow  to  give  a  polished  appearance  when  fiuiNhed. 
The  currier  then  sets  the  sides  on  the  table  with  the  stock-stone,  removes 
moisture  and  tallow  with  a  steel  shcker,  and  glasses  them  over  with  a 
plate-glass  slicker  to  smooth  them  and  to  produce  a  fine  grain.  They 
are  next  treated  with  a  coat  of  liot  stuffing  (J  neat's-foot  oil  +  ^  tallow), 
applied  with  a  swab  ma/le  of  lamp-wicking.  The  leather  is  now  ready 
to  be  hung  up  in  the  drying-room,  where  it  remains  thirty-six  hours, 
when  it  is  taken  down,  slicker-whitened  on  flesh  side,  trimmed,  the  grease 
slicked  off  the  grain  side,  then  rubbed  with  a  dry  bm^  to  improve  the 
grain,  and  finally  the  grain  side  is  given  a  smooth  finish  by  polishing  it 
off  with  a  woolen  cloth. 

III.  Light-leather  carrying. 

a.  Bridle-leather. — This  is  split  to  required  thickness  in  the  splitting- 
machine,  and  tlien  carried  and  finished  ia  the  same  manner  as  harness- 
leather. 
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b.  Collar-leather, — This  varietj"  of  leather  is  split,  and  undergoes  tlie 
fdiDO  operatious  as  hanies»-leatlier,  exeept  that  it  is  stuffed  with  rosin- 
oil  and  is  not  so  carefully  finished. 

(.  Buff  leather. — This  is  very  light,  and  matle  to  imitate  eal&kin.  On 
being  taken  from  the  first  layer  it  is  split,  shaved  carefully,  brushed 
Tell  with  water  and  returned  to  the  tan- vats  for  about  ten  days.  When 
taken  out  it  is  treated  the  same  as  harness  and  bridle  leather,  until  the 
process  of  buffing  is  reached ;  tliat  is,  the  leather  is  scoured,  dried  for 
one  and  one-half  hours,  danii)eiied,  set  on  a  table,  Bliekcd,  stuffed  vith 
neatVfoot  oil,  dried,  anil  the  grease  removed  by  tlie  slieking-machine. 
The  grain  \»  buffed  off  the  skin  until  it  is  very  thin ;  it  is  then  trimmed 
aiul  lilaeked  in  the  same  manner  as  for  harness-leather.  Then  a  tliin  layer 
nf  iteat's-foot  oil  is  spread  on  the  table,  and  the  leather  set  on  this  with 
a  glass  slicker,  flesh  side  down.  This  stretches  and  smooths  it,  after 
Thieh  it  is  hung  up  to  (ir>'  for  twenty  hours,  taken  down  and  oiled  on  the 
Hesh  Niile;  the  object  of  this  being  to  render  the  leather  supple  and  to 
make  it  break  up  finely  (f(dd  easily)  as  possible.  It  is  next  bruised  on 
tlie  fli'sh  side  with  a  graining-boanl  to  soften  and  render  it  more  pliable, 
tben  it  is  smoothed  off  with  a  slicker  to  remove  oil  and  other  impurities. 

Shing. — The  leather  is  now  coated  with  a  paste  made  of  fiour,  soap, 
lieeswax,  linseeil-oil,  and  water.  Curriers  differ  somewhat  in  the  propor- 
tionHof  these  ingredients.  A  good  size  is  madeas  follows :  2  gallons  paste 
=  1  quart  flonr  +  J  pound  soap,  either  bromi  or  castile  +  2  ounces  bees- 
tas  -i- 1  pint  linseeil-oil,  +  suflicient  water  to  make  the  paste  of  proper 
insistency.  This  preparation  is  applied  to  the  grain  side  with  a  sponge.  . 
It  is  then  ghissed  till  smooth,  and  treated  with  a  mixture  of  gum-sliellac 
and  past«  (projKtrtions,  1  gallon  gum-shellac  in  thin  solution  +  1  quart 
"f  the  above-mentionwl  sizing) ;  this  is  nibl>ed  on  with  a  s(>onge  as 
t»fore.  The  leather  is  now  hung  up  in  a  drying-room  heated  by  steam- 
Jiipes,  in  order  to  dry  the  gum  coating. 

d.  Grain  leather. — This  is  split,  scoured,  and  hung  out  in  the  open  air 
until  nearly  dry,  when  it  is  run  through  a  pebbling- maehine,  which 
.itamps  a  fine  grain  on  the  grain  side.  It  is  tlien  stuffed  on  the  fiesh  side 
Tith  a  mixture  of  §  polar  oil  and  ^  tallow,  hung  up,  dried  for  two  or 
Ihree  days,  and  then  blackened  same  as  hamoss-leather.  Each  side  is 
oov  passed  through  the  slieking-machine  to  remove  grease  and  the  grain 
raised  with  the  graining-board.  It  is  then  set  on  a  marble  or  hard- 
rood  table,  grain  side  down,  and  swabbed  with  a  coat  of  neat's-foot  oil ; 
alter  Thich  it  is  hung  up  to  dry  for  about  twelve  hours,  taken  down 
and  boanled  two  ways  (dtagonall.'s')  on  the  grain  side,  turned  and  boarded 
on  flesh  side  to  make  it  pliable,  slicked  to  n^niove  all  black  spots,  turned 
again  and  boarded  lengthnise  up  and  down  the  grain  side,  and  finished 
f  ith  a  coat  of  gum-shellac  to  give  a  poUsh. 

f.  Wax  leather. — The  prejmration  of  this  leather  is  the  same  as  that 
"f  biiff  leather  onHl  the  process  of  stuffing  is  reaclie<l.  Then  fifteen  sides 
are  i)nt  in  the  mill,  together  with  a  quantity  of  grease,  at  the  rate  of 
'  poun<Is  to  each  side  {proportions,  §  neat's-foot  oil  +  J^  tallow),  and 
milled  for  twenty-five  minutes ;  then  they  are  set  on  a  tsible  with  a  little 
ni-at's-foot  oil.  A  coating  of  the  same  oil  is  applied  to  the  grain  side, 
and  the  sides  are  hung  up  to  drj-  for  two  days,  more  or  less,  depending 
'iI>on  the  weather.  After  drying  they  are  whitened,  stoned  on  grain 
<ide  in  the  Jack,  trimmed  and  boanled  two  ways  at  right  angles  to  each 
other.  Tliey  are  now  ready  for  blacking.  A  coating,  cximposed  of  i 
lioaod  lampblack  +  ^  gallons  solt  soap,  is  applied  to  the  flesh  side  with 
a  bmsh;  the  sitles  arc  then  glassed  hk  the  jack  and  sizcil  by  putting  on 
*  Iiaxte  with  a  s[>oiige  (wtnie  paste  as  nsi^d  for  buff  leather),  then  hung  ni> 
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for  Beveu  or  eight  days.  "When  diy  they  are  glats^^M  on  the  flesh  side 
and  flniHhed  with  a  coat  of  paste  aod  gnai.  as  piv.srribeil  fur  Iniff  leather. 
In  wax  leather,  it  Mhoiitd  be  oltsenxtl  thiit  a  Uxly  »f  black  iu  laid  on 
and  nibbed  into  the  tiesh  side,  while  in  gnun  leather  the  black  is  merely 
a  stain  on  the  grain  side. 

/.  roUth-letilher  or  puUiih-pebble. — This  variet>'  Is  ica^e  to  imitate 
goatt^bin,  and  is  sidit,  seoiirnl  aiid  inaiiipalatetl  in  the  same  maimer  as 
grain  leather  up  tu  and  iuelutUng  the  n|»eratiun  of  stuffing.  It  is  then 
Ket  on  a  table  without  oil.  whieh  .stretches  and  renders  it  smooth,  dried 
for  twenty-four  hours.  bla<'ke<l  the  sjinie  an  harness-leather,  after  which 
it  ia  nin  through  a  tine  pebbling-niacbtue  to  make  the  gt^in  as  small  as 
possible.  A  coating  of  blood  and  harness-blacking  (i>n>]>ortion,  ^  blood 
-|-  J  blacking)  is  put  on  to  give  it  a  good  polish ;  it  is  then  ilned  for 
twelve  hours,  boanle<l  two  ways  (at  right  angles),  passed  uiuler  tlie  jack, 
where  it  is  [>olislie<l  with  a  liguam-\"itie  slicker,  rwelring  a  pressure  of 
about  two  hundrMl  and  filHy  pounds  in  this  machine.  Six  minutes  siif 
fice  to  polish  a  side.  After  this  it  rei-eives  another  coat  of  blood  and 
blacking,  is  dried,  boarded  two  ways  (at  right  angle."),  bruised  on  flesh 
and  poUshed.  Lastly,  a  thin  coating  of  liuse^-d-oil  is  apjilied  to  the 
grain  side,  which  deadens  the  glossy  ap|>earancc  and  gives  the  surftice 
a  more  uniform  ]>olish. 

g.  OH  pebble-leather.  This  variety  is  treated  in  the  same  manner  as 
polish-leather,  except  that  it  is  stufietl  with  neafs-foot  <a\  alone.  It  is 
then  pebbled  in  machine  (jack),  boarded  by  hand  to  improve  the  grain, 
set  on  the  table  with  a  little  oil  in  order  to  smooth  and  stretch  it,  drieil, 
and  again  grained  by  hand.  Finally,  the  leather  receives  a  coat  of 
"French  finish"  (a  compound  of  glue,  blood,  and  ammonia}.  Some  cur- 
riers coat  only  with  warm  oil. 

A.  Trunk-leather. — This  leather  is  split,  scoured,  dried  and  set  on  a 
table  with  a  stone  and  slicker,  a  little  oil  being  used.  It  is  hung  ap  and 
dried  for  two  days,  then  stoned  on  the  flesh  aide  in  the  jack  to  remove 
the  oil  and  to  give  it  a  uniform  color.  The  leather  is  now  polished  on 
the  grain  side  with  a  lignum-\itie  slicker,  the  object  being  to  give  it  a 
light-reddish  appearance. 

i.  tiplitf. — ^These  are  the  tlun  pieces  shaved  from  the  fle^  ^de  of  all 
"light  leathers"  by  the  splitting-machine.  Having  a  market  value,  they 
are  prepared  for  sale  as  follows:  They  are  milled  in  weak  tuu-Iiqnor  fi>r 
fifteen  minutes  to  break  up  the  hard,  gristly  grain  aud  to  soften  tliejn, 
then  placed  in  vats  containing  strong  bark -liquor  for  three  weeks,  takeu 
out,  washed,  and  hung  uiKm  poles  until  diy~  enough  to  be  split  by  the  ma- 
chine. The  thickness  of  the  splits  is  governed  by  the  buyer's  order. 
After  spUttiiig  tliey  are  milled  as  before  and  replace^l  in  the  taiining- 
vats  for  three  or  four  days.  They  are  milletl  for  the  thinl  time  for  fif- 
teen minutes  in  a  solution  of  hot  gambler  (proportion,  2  ounces  gainbier 
to  each  split  +  li>  gallons  soft  water).  After  this  process  they  are 
8c-<»iire<l  on  grain  side,  slicked  ofT,  stuffed  witli  polar  oil,  partially  dried. 
the  oil  slicke<l  off,  whitened,  trimmed,  aud  treated  with  a  coat  of  thin 
sizing  on  the  flesh  side.  Tlie  size  is  that  used  for  buff  leather,  exe4'i)t 
that  the  water  is  replaced  by  a  solution  of  qucreitrou  bark  and  aliiui 
(imi[Kirtious,  solution  =  1  i>omid  alum  to  10  gaUons  strong  decoction  of 
qnereitriHi  bark).  Tliis  gives  a  yellow  color.  The  spUts  are  next  blaeketl 
aud  sized  on  the  grain  side  (simie  blacking  and  sizing  used  as  for  wux 
leather),  and  hung  up  to  dry  fiir  twelve  liours,  tlieu  glassed  on  Ix>tli 
sitles  with  the  glassing-jack,  laid  on  a  table  and  treated  to  a  coat  of 
neat's-foot  oil  on  the  6vsh  side.    After  the  oil  is  absorbed,  they  are  tin- 
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ish«l  with  an  apiilication  of  gum-shellac  aud  paste,  the  same  as  that 
ust'd  for  buff  leather. 

j.  llued  lenther, — In  this  division  of  light  leather  are  included  all 
tLose  which  require  some  peculiar  treatment  iu  tanning. 

Hkirting. — This  variety  receives  the  same  treatment  as  harness-leather 
nji  to  aud  including  scouring,  after  which  the  sides  are  dipped  iu  vats 
cmtainiug  an  aciueoos  solution  of  sumach  (proi>ortions,  ^  pound  sumach 
to  each  side  of  leather  +  water),  which  is  heated  by  steam  imtU  the  tem- 
irr-.itnre  is  raised  to  the  proper  height.  In  this  solution  tliey  are  handled 
mc«,  remaining  iu  the  vats  the  firijt  time  about  ten  minutes,  and  the 
^ect>ad  time  alwut  half  an  hour ;  they  are  then  put  down  iu  the  same 
sutiition  and  left  over  night ;  wlien  i-emoved  they  present  a  verj'  light 
color,  which  is  preserved  by  drjing  slowly  in  a  dark  place.  l>amiK'ning 
them  occasionally  with  water  causes  them  to  dry  more  uniformly.  A 
saturated  solution  of  o:!falic  acid,  to  which  is  added  a  small  quantity  of 
niUphuric  acid,  is  applied  to  give  them  a  still  lighter  color.  Then  Uiey 
are  set  on  the  table  with  a  very  little  oil,  and  dried  slowly  iu  a  dai'k  placo 
for  about  eight  days,  taken  down,  trimmed,  and  nibbed  over  with  a  cloth. 
Tins  action  of  the  siilphuric  acid  thickens  the  leather,  but  docs  not  im- 
prove it. 

Latigo  leather. — The  thinnest  hides  are  selected  for  tliis  variety  in  the 
heam-bouiie,  where  they  are  treated  in  the  same  manner  as  bamess- 
leatber,  except  that  they  are  bated  more.  In  tanning,  the  sides  are  put 
ina^-ateuntainingasolutionof  lpoundaliun-|-^pouudcutch  +  j  pound 
iialt  to  each  side,  and  remain  eight  days.  The  sides  are  now  dried  ou 
poles,  danii>eiie<l,  and  thi^n  stiifT^  in  the  mill  with  IJ  pounds  stuffing  to 
foi-h  aide  (proportions  stnlfmg  =  |  polar  oil  -f  J  tallow),  remaining 
twenty  minutes.  Aft«r  this  they  are  set  on  the  grain  side  with  a  stock- 
$touir,  given  a  coat  of  neat's-foot  oil,  and  hung  up  to  drj*.  The  drying 
iD<i;<t  lie  done  as  quickly  as  possible,  and  should  not  extend  beyond  forty- 
fight  hourii,  in  order  to  prevent  the  salt  coming  to  the  surface.  When 
tiry  they  are  trimmed,  stoned  ou  the  flesh  side  in  the  jack,  and  boarded 
two  ways  diagonally. 

Lace  leather, — This  leather  is  tanned  in  the  same  manner  as  latigo 
leather,  but,  instead  of  being  etuBed,  it  is  stoned  out  on  a  table  to  make 
the  grain  smooth  and  bufP^  on  a  beam  with  a  currier's  knife.  It  is 
tlien  stuffed  in  the  mill  with  about  1  pound  cold  neat's-foot  oil  to  each 
iiitle,  taken  out,  slicked  and  dried.  It  dries  qniekly,  the  grain  being 
Ituffed  off  allows  the  air  to  penetrate  it  readily.  Wben  dry  it  is  trimmed 
and  soft-boarded  to  make  it  phable,  treated  with  a  coat  of  hot  tallow 
iij'plied  on  the  grain  side.  This  apphcation  still  further  softens  it,  pre- 
veuts  the  salt  from  coming  out,  and  gives  it  the  appearance  of  being  oil- 
tiUHied.    Lace-leather  is  often  called  alum-leatber, 

BtUoirB-teather. — The  sides  for  this  variety  are  put  id  a  weak  ooze  in 
tlip  stringers  for  about  two  weeks,  taken  out,  washed,  partially  dried, 
ami  split  in  the  splitting -machine.  They  are  then  milled  in  alum  liquor 
for  fifteen  minutes  to  break  up  the  grain  and  gristle,  put  down  in  the 
Jlum-vat  lor  two  or  tliree  days,  taken  out  and  treated  iu  the  same 
Dunner  an  lace  or  alum  leather,  except  that  less  grease  is  used ;  and, 
lastly  they  are  trimmed,  stoned  in  the  Jack,  boarded  two  ways  (diagonally), 
anil  bniirie<l  on  the  flesh  side  to  make  them  pliable.  But  little  oil  should 
teiuain  in  the  sides  when  flnished,  else  they  will  soon  rot. 

BeUing,  or  belting-leather. — Tliis  vaiicty  is  usimlly  tanned  to  order, 
ami  for  it  the  largest  hides  are  selected.  Tliey  are  prepai-cd,  tanned, 
ami  i-urried  in  the  same  manner  as  hamoss-lestther,  excei)t  that  on  com- 
ing' oQt  of  the  tirHt  layer  they  are  trimmed,  cutting  off  the  cheeks,  shanks. 
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ami  bellies.  Tliesc  pieces  or  trimmiugs  are  tanned  acparatt'ly,  reooivitig 
the  same  ti-eatmeiit  as  sole-leather,  except  that  only  one-half  the  time 
is  occupied  in  tauning.  "When  finished,  tJiey  are  known  to  the  trade  as 
"offal,"  and  are  used  for  the  insoles  of  shoes.  The  parts  used  for  belt- 
ing are  <lried,  cut  into  strips  of  the  require«l  size,  soaked  in  water  until 
quite  pliable,  placed  in  a  stretching-machine  and  subjected  to  a  tensile 
strain,  varying  according  to  the  width  of  the  strips.  About  2,500  pounds 
tensile  fon-e  is  applied  to  a  belt  10"  wide. 

CalfiikiM. — In  the  beam-house  these  receive  the  same  treatment  as 
light  leather.  They  are  tanned  in  mediam  liquor,  and  in  the  handlers 
only,  remaining  al>unt  two  weeks,  as  they  ifre  too  thin  to  put  in  tlie  layers. 
"When  taken  out  they  are  skived,  and,  if  necessarj',  the  thick  parts  arc 
tassed  through  the  splitting-machine.  After  this  they  are  put  in  weak 
iquor  for  two  weeks,  taken  out,  milled  in  a  solution  of  sumach  (4  pound 
suuiaeh  to  each  skin),  scoured  and  dried.  Calfskuis  are  always  stnlTcil 
in  the  mill,  as  this  causes  the  neat's-foot  oil  and  tallow  to  pcnneate  tbe 
skin,  while  in  hand-stuffing  the  tallow  is  lelt  on  the  surface.  Ttie  skinii 
are  \\v\X  set  on  a  table  with  a  stock-stone,  co;ited  with  neat's-foot  oil,  dried, 
whiteneil  on  tlesh  side  with  a  steel  slicker,  trimmed,  grain  side  passed 
under  the  stoning-jnck,  Imarded  two  ways  (at  right  angles),  blacked  aud 
flnished  in  the  same  nuinner  as  wax  leather. 

CLASSIFICATION. 

In  order  to  jiroduee  good  tannages,  the  stoi-k  of  hides  should  be  uni- 
form in  weight,  substance,  and  condition.  For  these  conditions  to  obtain, 
a  careful  assorting  of  the  hidCs  must  be  resorteil  to  before  sending  them 
to  the  lime- vats  or  sweat-pits,  and  again  repeated!  at  the  different  stages 
uutil  they  arrive  at  the  handlers. 

If  the  hidCH  iu  a  \ta*'k  vary  much,  those  of  me<lium  thickness  may  l>c 
tanned  perfectly,  while  the  thick  ones  will  be  under  anil  the  thin  oneK 
over  tanned. 

The  same  ineqnalit.v  will  l>e  found  in  packs  when  different  kinds  of 
stock  (i.  e.,  &esh  slaughter,  green-saUe<t,  pickled,  dry -flint,  or  drj -salted 
bides)  are  worked  together.  The  latter  fault  is  apt  to  be  the  trouble 
at  small  tanneries,  as  they  cannot  wait  to  obtain  a  pack  of  one  kind  of 
hides,  and  consequently  tlirow  together  a  miscellaneous  stock.  Uni- 
formity of  result  in  such  a  heterogeneous  mass  is  an  impossibility'.  The 
ver>-  best  leather  is  made  by  those  tanners  who  use  one  quality  of  ma- 
terial for  one  kind  of  leather.  Few  can  afford  to  do  this.  Heretofore, 
the  rules  for  elassifjing  hides  have  been  arbitrary  and  exceedingly  vagne ; 
the  indi\idual  opinion  of  the  dea.lcr  guided  in  most  eases.  At  the  meet- 
ing of  the  National  Convention  of  Tanners  and  Dealers  iu  Hides  and 
Lather,  held  at  the  Centennial  Exhibition  in  Philadelphia,  in  October. 
18"(i,  the  following  rules  were  unanimously  adojtted  for  the  object  ot* 
securing  a  uniform  method  of  classifying  hides.  "  These  rules  will  con- 
trol the  action  of  the  whole  trade  until  otherwise  onlered." 

niXES   FOR  THE  CLASSIFICATION  OF   niVTS. 

Rl'LF.  1. — All  hidrs  linving  one  or  more  gruba  sball  bo  tbrown  out  and  claused   nn 

Rvi.F.  3. — All  liidpH  and  Bkins  cut  and  ocored  on  tbo  flcitli  nltall  bo  tbrovD  out  ami 
claxsml  ita  daninseil. 

Bul-E  3. — All  liidpB  for  cnrrying  pnrposca  having  one  or  more  brands  eball  be  tbrow-n 
out  and  claimed  as  Xo.  2  hides. 

BULE  4. — All  hiden  sold  for  wile  Icntlicr  having  more  thnii  one  brand  Bhall  be  ttarowu 
out  and  ulasaed  as  No.  2  bides. 
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Ri'LE  5. — All  faamrBs  bii]t«  vitiibly  damaged  by  hook  or  horn  luurka  no  tlie  grain 
•iull  \r  clamed  as  No.  3  lianiem  hid«e. 

Rite  6. — lu  the  rocabiilary  of  this  trade  one  letter,  UKUre,  or  Diark  ooDstitnteB  n 
liniul  OD  «  bide,  alid  cattle-raiseiB,  in  their  oirn  iotereHt,  are  roqiieated  to  iiiaku  their 
hnndn uf  one  li-tter  or  mark,  as  small  ns  posHilile,  aud  so  loealed  uiion  and  douu  the 
li^!  IS  to  |inHlnc«  the  least  possible  inji"?  to  the  hide. 

Kt'LE  7. — The  above  niles  concoming  cuts,  scureti,  Knibs,  and  brands  shall  1>e  applied 
In  all  trausactions  in  dried  hides  as  well  as  to  those  that  are  fresh  or  suited  ;  ulso  to 
importeil  >h  wfII  ns  t<i  domestic  hides. 

Rl'LK  I'. — All  falfHkias  Bhull  have  the  sinews  taken  ont,  or  pTU|iei  tare  allowed  for 
Ihreame  ;  the  miDimnm  weight  of  niitHmmed  skins  shall  be  9  pounds  and  the  mnxi- 
inum  weij^ht  ahall  be  15  pounds.  This  classilicatjon  to  be  applied  strictly  to  calfskins, 
Kith  no  appKcatiou  to  luiig-bair  summer  kips,  which  shall  not  ho  GODHidere<l  calfskins. 
ItiauiKd  calfskina,  with  htiatls  off,  fihall  be  H  pounds  less  weight ;  veal-kips  shall  be 
cl)*>«l  as  plump ;  milk-culfskius,  15  to  25  pounds,  in  the  seauou  aliiill  be  classed  aa 
gbart-hftir  kip. 

Rl'lk  9. — A  grern-trlmmp<l  hide  is  a  hide  clear  of  horns,  bone*  of  all  kinds,  fleah, 
»iat%»,  blood,  mannre,  or  other  oflu). 

Kct^  10. — Ureen-salted  hides  shall  be  coneidcred  in  good  merchantable  condition 
wtirn  the  same  are  fully  cured  or  preserved  with  salt,  and  well  cured  of  their  animal 
jiiicM,  aud  free  from  all  salt  and  superfluous  wet  in  the  hair  or  on  the  flesh,  or  so  made 
bv  proper  tare,  when  Imught  and  sold. 

Rite  II. — Any  watered  hide,  iir  one  which  has  any  material  put  upon  it  except  salt, 
lit  nrictly  curing  punxines,  shall  not  be  contudcred  in  a  merchantable  condition,  and 
ill  ules  of  hideH  made  in  such  conilition  shall  be  considered  fraudulent,  unless  the  con- 
ililinD  W  tnaile  known  t<i  the  pnrchaser  previous  to  the  sale. 

KlLF.  I'i. — HiilcH  i-ilt  at  the  throat  shall  be  classed  as  unmerchantable,  provided  the 
liifb  pxtcnilfi  more  than  one-fourth  across  the  hide. 


Iq  many  tanneries  it  ia  the  custom  to  mill  the  hides  after  they  have 
Ijwn  thronph  the  process  of  "  sweating."  This  operation  is  most  irtjuri- 
iiU!<,aMit  "fulls"  in  the  hair,  and  removes  the  gelatine  which  is  now 
uearly  sohihlc  in  water.  This  wasted  gelatine  should  rightftdly  go  to 
make  leather  when  conihiued  with  tannin. 


The  lime-vats  should  he  large,  and  long  euough  to  handle  the  hides 
whole.  The  lime  causes  the  thin  parts  of  the  hides  to  contract  more  than 
the  thick.  The  hides  should  never  be  cut  in  halves  until  after  liming, 
el^  an  irregular  back  line  will  be  the  result,  which  will  lead  to  loss  iu 
cutting  where  long  strips  are  required.  This  is  especially  important  iu 
Ix-lting  and  harness  leather.  Lime  loosens  the  hair,  saponifies  the  fat, 
ami  distends  the  fiber.  Some  contend  that  lime  carrion  off  the  gelatine 
iiDil  albumen  of  the  skin. 

Iligb-limed  leather  is  loose  in  texture,  weighs  light,  wears  out  m]>idly, 
and  the  subsequent  feniientation  in  the  bate  after  liming  iucJX'iiaes  the 
evil. 

I'SB  OP  VITBIOL,  OB  Sl'LPHUBIC  ACID. 

Tanneni  arc  generally  anxious  that  thin  leather  shoidd  apjiear  thick 
•"beu  finished.  To  accoiujilish  this  they  resort  to  a  solution  of  aulpliurie 
acid  in  whieh  the  sides  are  immersed  for  a  certain  number  of  hours,  the 
length  of  time  depending  iijion  tlie  strength  of  the  liquor. 

The  acid  is  usually  added  to  the  ooze  in  the  handlers.  This  a<'id  dia- 
tcntls  and  ii\|iires  the  fiber,  and  if  not  removed  from  the  grain  will  leave 
liirectly  beneath  it  a  dark-brown  stratum,  which  in  sole-leather  is  very 
<it>je<-tionable  to  manufacturers  who  employ  machine  insti-ad  of  hand 
laW  in  removing  the  grain  from  the  soles  of  boots  and  shoes,  as  it  leaves 
the  soles  dark  and  less  attractive  to  the  buyer.    The  gallic  acid  of  the 
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vate  lcav4!8  ii  Hiinilar  stratum,  but  it  can  easily  l>e  remored  by  other  acids. 
The  vitriol  stain  cannot  be  couutoracteil,  and  expasure  to  the  weather 
renders  its  exist«>iie«  more  and  more  a]>parent.  It  is  used  to  nentral 
ire  the  lime  as  well  as  to  "plump"  tlie  til»er.  Wliere  judicionsly  used, 
the  whole  subatanec  of  the  hide  is  slif^htly  swelled,  and  the  grain  ia  not 
injured.  It  should  not  l>e  used  with  "  sweat"  ieatlier.  Thick  bides  will 
stand  more  sulphnrie  acid  than  thio  ones,  and  so  of  the  corresponding 
parts  of  the  same  bide. 

The  use  of  this  aeid  has  l»oconie  Roneral,  and  so  iiuuditaoiis  has  been 
its  appUcation  that  it  haK  vailed  forth  tbe  (.■ondeouiatioii  of  manufacturers 
of  leather  goods. 

Vitriol-raised  leather  treated  witli  weakliquors  prodiiees  tbe  poorest 
quality  of  Ieatlier;  the  grain  Iieiiig  poor  and  harsh  to  the  toiiirh,  thefH)er 
coarse  and  woolly. 

COLOBATION. 
1.  Color  dite  to  tanning  material. 

Almost  evert'  tanuing  material  stamps  its  own  ])pciibar  tpiality  on  tbe 
leather  subjeetcd  to  its  action.  The  physical  ("haracteristics  usually 
affected  are  the  color,  scent,  toughness,  or  tbe  power  of  resisting  moisture 
or  decay.  The  coloring  matter  in  some  est^ellent  tamiing  materials  pre- 
vents tbeir  use,  siuct^  a  de«p-rootctl  custom  requires  both  upjier  an<l  sole 
leather  to  be  of  a  yellowish  &wn  color,  while  anything  that  interferes 
with  this  tint  is  objected  to  by  buyers. 

Oak  bayJc. — Oak  bark  imparts  firmness  and  solidity  to  leather,  while 
other  barks  give  a  greater  or  less  degree  of  softiiess. 

Ifothiug  iudicates  the  superiority  of  oak  bark  used  in  tunning  so  much 
the  peculiar  excellence  of  sole-leather. 

This  bark  gives  a  lighter  color,  and,  it  i.s  generally  assumed,  a  bett^'r 
leather  than  hemlock.  The  most  desirable  kinds  of  oak  bark  are  pro- 
cured from  tlie  '*rock  oak"  or  "chestnut  o&k^  ((^uemis  priniig  tnon- 
tico!a),  tbe  "yellow  chestnut  oak"  {Q.  catt/infa),  and  tbe  bla«^k  oak  (Q. 
tinct&ria.)  The  hitter  is  called  "  yellow  oak"  by  tanners  on  account  of 
tlie  yellow  color  it  imparts  to  Ieatlier,  and  is  distinguished  from  all  other 
species  by  the  rich  yellow  or  orange  tailor  of  its  hmer  bark.  It  eoiisti- 
twtes  the  qiiereitron  bark  of  dyers  and  tainiers.  Tlie  bark  of  the  white 
oak  [Quereut  nlM)  contains  less  tannin  than  either  of  the  above,  but  pro- 
dnctis  a  Ix-antifid  leather. 

Ited  oak  ((?■  rnbra)  gives  a  leather  whose  section  has  a  dirty  red  color, 
but  this  color  is  not  as  l^sh  looking  as  that  of  hemlock-tanned. 

Hemlock  {Abies  canaitensia). — IlemhK^k  is  rich  in  tannin,  and  is  little, 
if  any,  inferior  to  oak  for  tanning  purposes.  By  some  it  is  regarded  aw 
being  not  only  equal  to,  but  better  than  the  innch-laudcd  oak  bark.  The 
dark  reddish  color  it  imparts  to  the  leather  has  always  militated  against 
its  popularity  as  a  tanning  material.  Tatniers  di\~id«  tbe  hemlock  usetl 
for  tanning  into  »rAi7«  and  retl — the  difference  ia  probably  not  si>ectfiCf 
l)ut  dependent  upon  climate,  soil,  and  situation. 

Oavibier  or  Terra  japonien  (Uncaria  pambir)  is  the  most  iin]>ortant 
substitute  for  bark.  It  gives  a  very  dark  color  (re<l<lish  brown)  anil  is 
generally  useil  in  conjunction  with  black-oak  bark. 

Ctitch  and  Catechu  (Aeaeia  cateehv)  are  similar  in  their  proiMjrties  to 
the  above.  They  tan  nipidly,  bnt  the  leather  prmluwHl  is  light,  spoiig?', 
l>enneable  to  water,  and  of  a  dark  re^ldisb  fawn  color. 

Valonia  (aconi  ctii»8  of  Querctts  -^giiopg)  is  a  goiKl  tanning  material. 
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I'ut  espensive,  and  needs  to  be  protected  firom  moisture  to  pn^scrve  its 
iiiwftil  proiH>rtiea.  Leatlier  taoiied  iritli  tliis  material  is  said  to  be 
baider  and  lean  jiermeable  to  water  than  that  made  with  oak  bark. 

Dirt  diri  (^from  pods  of  Ctesalpinu  coriaria)  generally  makes  a  porous 
teatlier,  ha\-ing  a  bro«Ti  or  dark  brownisb-rc<l  color. 

Larch  {Larir  amerieana)  bark  givt'8  a  very  inferior  leatlier  to  tbat  pre- 
parwl  witb  either  oak  or  hemlock. 

lVi7Iow  (from  various  species  of  the  Order  fialicacefc)  bark  gives  a 
pecoliar  yellow  color  to  leather,  b>it  leaves  it  very  flexible. 

ttuMiK  {RAu9  coriaria  or  glabra)  makes  a  light-colored  leather;  it  is 
Smerally  used  ia  connection  yith  bark. 
I>ivi  cUvi  and  sumac  liquors  soon  ferment,  especially  in  warm  weather. 
Bleaching. — "  Slaughter  hemlock  leather  tanned  with  liquors  of  mode- 
rate strength  •  •  •  will  px)me  out  with  a  color  that  is  between  the 
leuMHi  and  orange ;  if  to  this  we  add  the  warm  sumac  process,  we  get  a 
color  so  nearly  a  light  leniou  or  a  flesh  color  as  to  meet  the  requirements 
fwnght  in  the  Iwst  oak  leather."  "  For  fine  work,  the  buff  is  superior  to 
most  pure  oak  tannages,  for  these  have  a  '  sickly  white '  tint  which  soils 
more  n-ailily  than  the  hemlm-k  or  luuon  tannages  bleached  as  indicated." 
'•Tliis  bh>a4-hiitg  ju-ocess  is  lorticularly  8erric«able  on  e^lf  and  all 
Krain-fluished  leathers,  including  harness  aud  bridle.  No  purely  hem- 
lock tannage  will  'take  the  blacking'  so  well  as  leather  which  has  un- 
dergone this  treatment,  With  it,  hemlock  grain  leatlier  can  l)e  made  to 
hold  itA  color  almost  equal  to  that  of  i>ure  oak  tannage."  Sumac  not 
only  helps  the  color  but  adds  weight. 

JSI^aeking  solution. — For  bleaching  "  the  sides  are  dipped  alternately  in 
a  I>8th  of  sugar  of  lead  and  then  into  one  of  sulphuric  acid  until  tlie 
coloring  matter  is  removed."  "This  bleaching  process  produces  an  im- 
mediate effect  that  is  almost  magical,  but  when  the  finished  leather  is 
exposed  to  the  air  and  light  for  any  considerable  time  the  delicate  pink 
and  (Team  color  turns  to  a  'murky  brown.'" 

Sumac  bath. — "  Sumac  licpior  fonns  a  vegetable  arid  which,  in  its 
artiaH  on  hemlock  slaughter  leather,  not  only  neutralizes  the  color  but 
wiftens  the  grain." 

2.  Stains. 

Action  of  air  and  light. — "Leather  drie<l  in  the  ojwn  air  will  certainly 
dr}'  dark,  even  if  taiineil  nith  pure  oak,  and  if  with  hemlock  or  mixed 
Itark,  will  darken  to  a  danmging  extent.  If  a  bright  light,  particularly 
if  the  gun's  rays  reach  the  grain  or  flesh,  the  leather  tums  brown  and  is 
jiennanently  discolored." 

Bark-liqnor  stains  are  sometimes  found  npon  the  grain  side,  due  to 
liquor  being  pressed  out  of  the  flesh,  which  holds  an  undue  pi-oportion 
iu  draining  after  coming  ft^m  the  last  layer;  this  will  result  if  little 
<'a\itie«  are  allowed  to  form  in  packs  when  piled  «p  for  drainage,  or  when 
<be  5eflfa  of  one  siile  comes  iu  contact  with  the  grain  of  another.  The 
^(les  afaoold  be  laid  grain  to  grain  and  flesh  to  flesh.  Here  again  we 
M*  the  necessity  of  cjirefiil  assortment  before  aiTiving  at  this  stage. 
The  sides  should  not  be  eximsed  to  air  and  light,  but  should  be  covered 
«ith  canvas,  or  tliey  will  finally  become  darkened  so  as  to  produce 
Snat  discoloration.  (Tliis  does  not  affeut  the  leather  except  in  appear- 
xoce.)  When  dry  on  the  surfaces  the  air  may  impinge  upon  it,  but  not 
*  Snag  Ugbtf  for  itD  free  admission  will  be  sure  to  darken  it. 

Itmfinaic  acid  is  allowed  to  settle  on  the  grain  the  stains  produced 
"illKBodn  to  the  end;  care  should  be  taken  to  avoid  this. 
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3.  Chemical  defects. 

Black  rot. — ^If  strong  warm  or  Lot  liquors  are  nm  iroiu  the  leat'lies, 
either  by  "  mistake  or  ignorance,"  in  upon  "  half-tanned  or  green  packs. 
'  black  rot'  is  almost  sure  ta  result,  particularly  in  the  summer  season.^ 

The  damage  is  caused  by  the  decay  of  the  animal  fiber — actual  de- 
composition of  the  untanned  or  raw  hide.  The  external  appearance  of 
this  damage  appears  as  a  sinking  in  of  the  two  surfaces,  caused  by  a 
general  disturbance  of  the  central  tissues. 

*'  'When  decomposition  proceeds  still  further  and  the  surfaces  break, 
partially  tanned  'puss'  ("pus")  exudes.  "This  damage  has  been  prop- 
erly denominated  the  'black  rot'  because  upon  the  grain  side,  in  addi- 
tion to  the  'falling  away'  appearance  spoken  of,  the  surface  turns  black, 
showing  dark  or  black  spots  wherever  the  damage  occurs,  and  this  is 
generally  in  the  thickest  ajid  best  portion  of  the  hide." 

White  spots. — These  cause  great  depreciation  in  sole  leather  These 
defects  are  attributable  to  imperfect  beam  work. 

The  hides  are  Hoake<1,  milled,  and  sweated  within  a  week,  and  depi- 
lated, while  little  attention  is  paid  to  cleaning  the  grain  side,  thus  leav 
ing  grease,  which  resists  the  action  of  tan  liiiuor.  This  should  be  re- 
moved in  the  beam-house.  Any  strong  alkali,  as  [mtash  or  soda,  apphcd 
to  these  8]K>t8  will  remove  grease  and  enable  the  grain  to  take  coloring 
and  tanuiu. 

"  These  spots  may  be  avoided  by  thorough  working  on  the  beam  nda 
by  using  a  strong  alkali  on  the  si>ots  aft'ected,  which  may  be  discovered 
in  the  handlers  when  the  sides  have  beeu  coloi-e^l  slightly." 

4.  rhjfsical  defects. , 

"  Old  grain  "  and  "  hard  spots.^ — These  api>ear  when  the  hides  afn  no 
tender  that  the  tanner  does  not  work  them  on  the  beam  until  absolutely 
soft  in  all  the  thin  parts,  for  fear  of  breaking  them. 

Knife  marks  or  scores. — These  are  maile  on  the  flesh  side  by  the 
butcher  in  skinning  the  animal.  They  are  generally  not  deep  enough 
to  affect  the  grain.  They  malie  thin  spots  or  liues,  and  when  cut 
through  they  are  known  as  "  gashes  "  or  "  scores."  Their  position  and 
size  determine  the  damage  done  to  the  leather. 

Sook  marks. — ^These  are  produced  by  the  hooking  up  of  the  sides 
from  the  vats.  They  are  scratches  made  uimn  the  grain  side.  It  is  a 
question  whether  sides  should  be  laid  flesh  or  grain  upwards.  If  flesh 
up,  there  is  danger  in  scratching  the  grain  in  *'  hooking  up."  If  flesh 
down,  some  tanners  claim  that  the  color  is  afl'ected  (esi)ecially  in  hem- 
lock tannages).  The  coloring  matter  in  the  tiin-liquor  is  Uable  to  settle 
on  the  grain  ,gi\'ing  it  "  a  deeiier,  darker  red."*  The  general  custom  is  to 
l>Iace  the  grain  side  up. 

Horn  marks. — These  are  caused  by  the  goring  of  other  cattle  when  a 
herd  is  inclosed  in  cattle-yards  or  are  huddleil  together  at  the  entnuices 
of  gangways  in  shipping  to  markets  by  rail ;  they  are  also  made  on  the 
cars. 

Prick  marks  or  scratches. — These  are  prodaeed  by  brutal  drovers 
punching  the  cattle,  when  down  in  the  cjirs,  with  sharp,  long-handled 
pricks  or  goads. 

Corral  scratches. — These  are  scratches  on  the  grain,  received  by  the 
cattle  when  imprisoned  in  the  large  inclosurcs  or  corrals  of  Texas,  "Cali- 
fornia, and  the  Western  plains,  tor  the  puriiose  of  branding,  counting, 
&c. 
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Brandt. — Theueare  generally  Mghtftil  marks  on  the  hip  and  sbonlder, 
made  by  the  owners  of  roving  herds  to  designate  their  property.  They 
lerj-  often  cover  a  square  foot  of  surface,  and  in  tlie  very  best  part  of 
the  hide.  They  destroy  the  value  of  half  the  side.  Tlieir  presence 
should  immediately  reduce  the  hide  to  the  second  or  third  class,  even 
before  tiuining.  The  only  arguments  that  can  be  offered  in  defense  of 
these  large  brands  are,  that  they  are  conspicuous  enough  to  be  seen  and 
reco^ized  by  the  herder  at  quite  a  distance,  and  that  in  case  the  cattle 
are  stolen  it  becomes  difficult  for  subsequent  brands  to  eradicate  the 
traces  of  the  first.  Branding  is  generally  confined  to  localities  where  the 
range  or  territory  is  occupied  by  a  kind  of  tenancy  in  common. 

Qntbg. — By  tliia  term  are  known  the  larvte  of  the  Hypoderma  bortg 
(DeGeer),  or  bot  fly  of  the  ox.  This  fly  is  a  dipterous  insect  of  the  fam- 
ily (Etlrida,  (Leach).  These  larvie  are  found  during  the  month  of  May 
and  in  the  summer  in  the  tumors  on  the  backs  of  cattle,  and  when  fully 
grown,  which  is  generally  in  July,  work  their  way  out  and  fall  to  the 
(.Tonnd,  They  exist  in  the  pnparium  from  26  to  ^0  days,  and  the  fly  ap- 
pears from  June  to  September.  This  species  is  found  all  over  the  civil- 
ized portions  of  the  world.*  The  holes  le^  in  the  hide  of  the  animal 
by  the  extrusion  of  these  larval  parasites  are  from  one  to  two-tenths  of 
an  inch  in  diameter,  and  are  always  foimd  near  or  along  the  back  line.  ' 
t'mriers  generally  fill  up  these  holes  when  finishing  ihe  leatiier,  but  an 
pipert  r^dily  detects  tlieir  presence.  These  holes  are  a  very  serious 
defect  in  a  side,  and  especially  so  as  they  ocenr  in  the  best  portion  of  it. 
I^y  are  fatal  to  faameBS'leather  and  belting. 

SECTIONS  OF  DITFEBENT  BOLE-LEATHEE  TANNAGES.t 

Oak-tanned. — Section,  glistening,  marble  appearence.  Color,  light 
brownish  ;  of  grain,  light  as  if  bleached  a  little. 

Bemlock-tanned. — Section,  glistening,  mottled.  Color,  reddish-brown ; 
of  grain,  dark-reddish  tinge. 

VnUtK-tanned — 

1'  56%  oak  +  50%  hemlock. — Time  of  tanning,  5^  months.  Section 
)umiliir  to  that  of  hemlock  leather — apparently  but  little  difference. 
Uather  firm :  color  of  grain,  lighter  than  hemlock. 

-.  30%  oak  +  70%  hemlook. — Time  of  tanning,  5J  months.  Section, 
ilark  ml.  Color,  darker  than  first  specimen.  This  tajmage  produced 
J8  pounds  of  leather  to  100  pounds  of  green  hide. 

i.  15%  oak  +  B5%  hemlock  (extract), — Time  of  tanning,  4J  months. 
Section  and  color  darker  than  above.  Leather,  67.58  pounds  to  100 
poondu  green-salted  hide. 

i.  70%  oak  +  30%  hemlock. — Time  of  tanning,  7  months.  Section, 
abont  the  same  as  No.  3.  Color  of  grain,  lighter  than  No.  3.  This  tan- 
nage produced  66  pounds  of  leather  to  100  pounds  of  green-salted  hide. 

Ejiract  of  hemlock. — Time  of  tannage,  3  months.  Section,  dark  red^ 
n<rt  mottled.    Exterior  color,  very  dark. 

in  the  same  lot  was  found  hemlock  belting,  very  dark  in  color,  having 
a  woolly  section,  and  also  hemlock  sole  leather,  tanned  in  70  days,  which 
*a«  apparently  good. 

DHYIHG. 

Avoid  the  use  of  extreme  heat  in  drying  leather  after  stuffing.  Great 
beat  brings  the  heat  to  the  surface  and  gives  to  the  leather  a  harsh  feel- 
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ing.  Ex|>osure  to  light  (especially  to  the  dire<!t  rays  of  the  sun)  and  to 
currents  of  air  in  drj"iiig  should  Ih*  avoided;  a  dark  color  will  be  there- 
suit  of  inattention  to  this  pn-cantion. 


Fish-oils  xhould  not  }>e  used  in  stuffing.  They  make  the  leather  gum- 
my  and  destroy  the  fiber.  Many  common  oils  are  often  used  on  account 
of  their  cheapness.  An  inferior  kind  of  resiu  oil  is  sometimes  used  ui 
finishing  collar-leather.  E\i)osure  to  heat  causes  the  resinous  matter 
to  exude. 

The  writer  has  foiuid  such  leather  not  only  disagreeable  to  handle, 
but  often  entirely  rotten  and  worthlecM. 

HABNKSS-mATUEB. 

TUiu  leather  should  be  carefully  tanned  and  (luished.  It  should  Ite 
uniform  in  section,  smooth  to  the  touch,  well  blacked  on  the  grain,  and 
with  the  flesh  smoothly  shaved.  The  graiu  should  uot  break  wlteu  the 
side  is  closely  folded  flesh  to  fleHh. 

Tliere  should  be  no  extrusion  of  grease  u]>on  the  surface  wheu  exposed 
to  the  heat  of  the  sun.  A  gummy  feeliiig  will  indicate  tlie  inferior 
quality  of  the  stuffing  used  in  currying.  There  should  be  au  entire 
absence  of  scratches,  hook-marks,  scores,  grub-holes,  "black  rot,"  and 
''white  sjiots."    Tlie  back  line  shoidd  be  ncjirly  sti'aight. 

Only  the  best  hides  and  those  most  uniform  in  thickness  should  be 
tanned  for  harness-leather.    This  leather  should  not  be  split. 

These  remarks  apply  e<)ually  to  bridle- leather,  except  that  the  latter 
is  made  from  thinner  hides  and  is  split. 

GBAIN  LEATHER. 

Grain  leather  split  from  fully  tanned  sides  is  practically  worthless- 
This  operation  is  sometimes  resorted  to  by  tanners  who  have  a  stock  of 
snch  leather  on  hand  for  which  there  is  no  sale.  Sides  intended  for 
graiu  leather  should  iw  split  on  coming  out  of  the  first  layer.  Modem 
manufacturers  can  imitate  goat,  calf,  or  almost  any  other  skin. 

In  ordering  grain  leather  just  mendou  the  kuid  of  grain  doAired, 
whether  coarse  or  fine,  as  the  external  api>earance  of  any  skin  can  be, 
duplicated  indefinitely  without  extra  ex)st.  Very  thick  graia  leather  is 
more  apt  to  break  or  crack  than  thin.  Grain  leather  should  be  fi-ee  from 
brands,  scratches,  horn  and  hook  marks  on  the  grain. 

The  middle  line  of  the  section  of  this  leather  should  be  lighter  than 
the  sides.  The  grain  should  not  break  when  the  flesh  sides  are  tightly 
folded  together  in  the  hand,  and  should  not  have  a  harsh  dry  fceUng 
when  the  fingers  ai*  psLssod  along  the  folds,  nor  should  it  be  gummy  to 
the  touch. 

BI'SSIA  LEATHER. 

"RttSKia  leather"  is  t';iinied  with  wUlow  bark,  which  gives  it  a  light 
lemon  color.  The  color  and  odor  are  after-productions.  The  peculiar 
aroma  known  as  the  "Russia-leather  smell"  is  given  to  the  leather  by 
the  use  of  "binih  tar"  in  carrying  and  finishing.  This  aroma  is  entirely 
indepen<lent  of  the  tanning  process,  and  may  be  omitted  withont  detri- 
ment to  the  leather.  Tlie  bext  genuine  "  Russia  leather"  is  tanned  by  tlio 
Russians  and  flnislied  by  the  Austrians.    To  Mr.  Jackaon  S.  Schultz, 
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mtr  commiHHioner  to  tlie  Vienna  Exposition  in  1873,  and  to  the  Hon. 
Marihall  Jewell,  onr  minister  at  Ht-  Peterslmrg,  lieloug  conjointly  the 
boDor  of  having  introduced  the  Russian  birch  t«r  into  this  country. 

American  manufacturers  now  make  "Russia  leatliei'"  as  good  as  the 
liest  imported  article,  and  costing  much  Ioj^s.  It  may  he  weU  to  obaeire 
that  wliile  we  make  leather  as  good  and  even  better  tlian  the  imported 
"liussia,"  we  also  make  a  very  much  poorer  quality  which  imitates  the 
trcnuiue  article  so  closely  as  to  be  readily  sold  as  such.  Besides,  calf- 
skins, split  cow^hides,  slieepakins,  and  even  japanned  pai>er  are  nuule 
up  auil  sold  as  imitation  Ku»!jia  leather.  The  domestic  article  will  prob- 
alily  supersede  the  imported  before  long,  as  the  imi>ortation  of  these 
swuis  lias  declined  nearly  four-fifths  within  the  last  two  yciir-s. 

HEMLOCK  TBBSrS  OAK. 

Sluee  the  introduiititni  in  this  conntry  of  hemlock  bark  as  a  tanning 
material,  there  has  been  a  contest  with  regard  to  the  relative  merits  of 
liemliH'k  and  oak  tannages.*  In  this  contest  oak-tanned  leather  has 
always  held  a  strong  defensive  imsition,  being  supported  in  its  acknowl- 
MlgM  exeelh'iice  by  old-time  usage  and  stubborn  prejudice.  Tlie  English 
anil  American  (Jovemments  have  always  required  oak  leather  for  their 
militarj'  supplies.  Ask  the  official  representatives  of  either  of  these 
sovemmentd  why  they  cling  to  one  tannage  alone,  and  the  answer  will 
|in)bal»ly  Ix',  "  We  have  altcaya  reipiired  oak  leather  for  the  'service.'" 
^e  vAjf  is  left  unanswered.  It  is  true,  oak  leather  ha\'ing  stood  the 
te^  of  many  generations  may  not  1)6  sur])assed  in  its  good  qualities  by 
any  other  tannage;  but  the  question  is,  "Oan  it  l>c  equaledt"  Some 
ex]iert8  contend  that  it  can  and  others  that  it  cannot.  But  neither  class 
i«ii  point,  to  an  exhaustive  series  of  exjieriments  and  trials  whiiili  prove 
Iwyonii  doubt  the  superiority  of  the  chemical  composition  and  the  phys- 
inil  properties  of  the  one  over  the  other. 

The  most  iusn]>enible  objection  to  hemlock  leather  appeam  t<»  Iw  the 
nilor.  If  the  color  shoidd  be  found,  by  a  long  and  carefully -conducted 
trial  and  comparison  of  the  three  principal  tannages  of  this  country,  to 
lie  the  only  insurmountable  difficulty  with  the  hemlock,  then  let  our 
'^ucators  evolve  a  new  (esthetics  in  regard  to  the  color  of  leather. 
Thirre  are  objections  to  hemlock  leather  a«ide  from  its  color.  It  contains 
a  tnnnmy  extxactive  matter  whicli  hanlens  with  age.  Tliis  renders  sew- 
ms  iUffl<-ult  upon  sole  and  harness  leathers  that  have  been  kept  in  store 
for  an  inileftnite  time.  Sometimes  hendottk  sole  becomes  as  brittle  as 
sUm.  In  doubling  up  harness- leather  (that  has  been  long  stored)  be- 
tvi^ii  the  haiKis  the  grain  will  often  crack  and  break.  The  hemlock' 
leather  osed  iu  making  shoes  often  discolors  socks.  It  is  not  so  smooth 
In  llie  toueli  as  either  union  or  oak  tanne<l  leathers.  It  is  cstimat«il 
that  {mm  two-thirds  to  eight-tenths  of  all  the  leather  tanned  in  the 
Tiiited  States  is  hendouk  leather.  Its  cheapness  will  always  maintain 
iis  iiniMtrtance.  It  is  possible  that  ex]>oriment  might  prove  its  non- 
ailaptatiility  for  harness  and  bridle  teatlier  or  that  the  tensile  strength 
»a«  affected  of  those  and  otlier  leathers. '  But,  at  the  same  time,  these 
<-i{)frimentis  woidd  iudioate  not  only  the  qualities  of  this  tannage,  but 
wiuld  also  point  out  the  uses  to  which  it  could  advantageously  be  apjtlied 
in  manufactiiriog  suppUes  for  the  government  service. 

Were  it  found  tliat  hemlock  leather  could  be  largely  utiUzed  iu  sup- 
I'hing  the  wants  of  the  government  incidentally,  aud  those  of  the  people 
and  trade  generally,  a  vigorous  and  mighty  stride  would  be  taken  in  the 


*Bj  tbnw  it  iH  to  lie  underst«iMi  that  good  taiiiia){t:!) 
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right  direction  to  stippresB  the  wiioleniile  anil  often  wanton  dostnictiou 
of  oiir  oak  forests.  In  reganl  to  the  supply  of  the  L'nitetl  States  senncc 
ill  time  of  peace,  there  ia  no  doubt  hnt  that  then^  is  pleutjof  oak-tuiiued 
leather  to  meet  at)  demands.  The  amount  required  is  too  small  to  excite 
a  moment's  attention.  But  in  ease  of  a  war  of  any  ina^itude,  when  it 
might  be  a  question  of  supplying  the  wants  of  1,(KKI,<)I>0  men  or  motf. 
the  case  is  very  different  imleed.  The  supply  of  oak  leather  would  not 
be  at  all  adequate  to  the  demand. 

In  sueh  an  cmerfjency,  if  the  government  still  a<lhere<l  to  its  cnstoiti 
of  receiving  nothing  hut  oak-tanned  leather  (which  it  woidd  be  imiwssi- 
ble  to  get,)  a  portiim  of  the  tanuing  int<Test  would  soon  And  a  way  tu 
supply  the  increaHcd  demand  by  "doctoring"  hemlot'k  to  ivsemble  oak. 

The  more  (Mnscientious  would,  perhapH,  present  a  mixture  of  oak  and 
hemlock,  thrown  in  aa  union  tanned. 

Imitation  oak  leather  can  be  ma<le  to  defj-  detection  by  even  an  ex 
pert.  Such  is  much  of  the  oak  leather,  even  nowj  in  time  of  |>eac('. 
foisted  u{>OD  the  ere4luIou8  ignorance  of  our  officials  and  iusjtectorK. 

It  is  not  the  intention  of  the  nTiter  to  l>ecome  an  advocate  of  lUiy  par 
ticidar  tannage;  while  reeognizing  the  great  excellence  of  phi's  oak 
leather,  be  believes  that  gooci  hendock  and  union  tannages  will  not  only 
stand  the  test  of  exi)eriment,  but  will  be  capable  of  being  gresitly  itu 
proved  in  quality. 

A  careful  determination  of  the  relative  merits  of  the  different  tannages, 
arrived  at  by  intelligent  and  M-ientific  investigati()n,  would  be  of  great 
value  and  benefit  not  only  to  the  government  but  to  the  coiuitr^',  simv 
the  leather  interest  is,  in  impoitanee,  second  only  to  that  of  agriuultiuv. 

Such  an  experimental  invesrigatioii  would  necessarily  be  too  long  and 
expensive  for  any  private  Arm  to  carr^'  to  a  successful  couclusion.  It  is 
only  under  the  auspices  of  the  government  that  it  could  be  satisfactorily 
conducted.  This  work  should  be  done  by  a  eoumiission  of  g<)veniment 
officers,  civil  engini-crs,  and  intelligent  practical  tanners.  One  |)er8ou. 
at  leaat,  of  the  number  should  be  an  able  ehenust. 

These  researches  shouhl  not  he  coitllnetl  to  the  analysis  and  testing  of 
tanned  leather  alone,  but  shoiild  he  extended  to  embrace  the  taiimn^ 
itself. 

This  would  nMiuiie  the  ^wmnussion  to  have  access  to  some  large  tau- 
ncry  where  exi>eriment4  in  tanuing  with  dittVreut  materials  could  be 
conducted.  IJy  doing  this  everj-  circumstance  attending  the  produc- 
tion of  samples  intendc<l  for  future  exiwrimeiit  could  be  noted  with 
fidelity,  accuracy,  and  intelligeucc.  Many  of  the  variable  elements 
Which  might  pitJduee  discord  iii  the  results,  and  cast  a  shadow  of  uncer- 
tainty over  them,  could  thus  he  elimiuateiL  The  e-ijienmental  hiuniuf; 
would  be  directly  under  the  Hnjwriiitendenee  of  a  member  of  the  com- 
mission, who  would  l>e  an  expert,  and  be  aetuattHl  by  a  desire  for  tnith- 
fiil  infonnation  aiul  unbiased  knowledge,  so  that  tut  element  of  partiality 
would  enter  into  the  investigation. 

ABMY  SHOEIJ. 

The  soldiers  with  whom  the  writer  has  scrveil  seemed  to  iH-efei-  sewwi 
shoes  to  pegged  ones ;  for,  in  marching  the  |>egge<l  shoes  api>eare«l  t«  l>e 
stiff  and  unyielding,  soon  tiring  the  feet.  In  the  hot  sandy  deserts  of 
Nevada  and  Arizona  the  wooden  pegs  wouhl  drop  out  after  getting  very 
dry,  and  the  sole  would  become  separated  from  the  in-solo  and  up|>er. ' 

Another  defect  was  noted  in  the  same  lots  of  shoes  referred  t<i,  and 
that  was  the  custom  of  flUiug  in  the  soles  with  paste-board  and  scraiw  of 
leather. 

As  800U  as  the  soldiers  would  wear  oat  the  thin  sole  of  good  leather 
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|a  tbing  wliifli  vould  ofteii  occur  in  a  very  few  days  when  marching  over 
menM  and  mountains  covered  with  sharp  cutting-stones),  these  cuttings, 
scraps,  &c.,  would  drop  out,  1ea\'iiig  nothing  but  tlte  insoles  between 
bi!)  feet  and  the  earth.  One  week's  marching  often  leaves  him  hare- 
MeA  aiKtn  the  cactus  plains  and  deserts. 

Estabrook  &  Wire's  clinching  screws  have  been  used  in  TT.  S. 
Xrmy  shoes;  these  screws  were  introduced  in  this  country  in  1868. 
Tliis  screw  ia  made  of  brass  wire.  The  brass  is  made  and  tempered  ex- 
pre»sly  for  tins  purpose.  The  machine  for  making  this  screw  takes  wire 
from  two  coUs  and  cuts  160  screws  per  minute. 

The  screws  are  hand-driven.  The  point  is  so  formed  that  in  driving 
it  allows  the  screw  to  upset  or  shorten  "and  tiike  up  the  settle  of  the 
Atock."  The  (Hiint  forms  a  strong  ''hook  clinch,"  which  is  imbedded  in 
tbe  in-sole. 

Hemlock  soles  are  often  whitened  with  mineral  a<.'ids. 

MISCELLANEA. 

•■A  i>erftH-t  leather  is  I'ecognized  by  its  section,  whicb  should  have  a 
glist^'iiiug,  marble<l  apiwarauce,  without  any  white  streaks  in  the  piid- 
dle."  A  section  of  well  tanned  leather  will  present  (if  oak)  a  uniform 
bniwn  appearance.  If  badly  or  imperfectly  tanned  the  interior  i>ortions 
will,  more  or  less,  resemble  rawhide.  When  i>oorly  tanned  leather  is 
mt,  the  section  has  not  the  glistening  appearance  of  first-class  leather, 
hot  is  dull,  bofiiy  looking,  with  white  or  whitish  mottling  or  streaks. 
WTien  leather  is  too  thoroughly  tanned,  i.  e.,  over-tanned,  there  is  no 
Krain  left  to  buff,  nor  life  or  elasticity  to  the  fiber. 

"  Leather  may  be  too  hard  as  well  as  too  sofi,  but  cannot  be  too  solid. 
Kwping  in  view  the  distinction  between  'hard'  and  'solid,'  the  reader 
"ill  understand  that  solid  leather  is  a  well-packed  fiber,  which  cuts 
'cheesy'  and  smooth,  and  not  dry  and  husky,  as  much  of  the  vitriol- 
raised  leather  cuts,  increasing  in  the  undesirable  qualities  with  age."  A 
dark  brown  stratum  immediately  underneath  the  grain  indicates  the  use 
of  sulphuric  acid  to  "raise"  or  "plump"  the  skin.  This  cannot  be  re- 
moved by  the  tanner.  "  Sweat"  leather  treated  with  acid  will  break  or 
riark  by  close  folding. 

The  plumpest  leather  is  made  from  green  bides,  as  a  large  per  cent, 
of  jfelatine  in  lost  by  curing  and  tlie  subsequent  operations  of  soaking, 
Mweating,  milling,  Ac- 
Leather  tanneil  rapidly  with  a  saturated  solution  of  nearly  pure  tannin 
will  be  hanth  and  hard,  and  will  be  poorer  in  qualitj-  than  that  tanned 
niore  slowly  in  weaker  solutions  of  bark,  which  contain  a  greater  or  less 
amount  of  vegetable  extractive  matter  that  unites  with  the  leather  in 
i^rying  proi>ortion8  in  slow  tannages. 

Dilute  solutions  only  should  be  used  in  tanning. 

The  time  employed  in  tanning  is  generally  too  short. 

Mineral  acids  for  bleaching  purposes  are  objectionable. 

•\11  alkalies  or  alkaline  earths  darken  or  tend  to  darken  the  color  of 
llti*  fiitnre  leather. 

'*  tTiiion  ci'op  "  tanners  sometimes  use  sour  milk  for  bleaching  pnr- 
IioRes. 

"  I)ope<l "  hides  are  green  hides  which  have  been  immersed  in  a  pit  or 
t-iok  filled  with  salt  and  water.  Hides  thus  treated  gain  two  or  three 
jHinnds  each. 

One  hundred  pounds  of  green-salted  cowhides  give  from  40  to  50 
iNHinds  dressed  leather,  or  from  .50  to  CO  pounds  of  sole  leather. 

Hides  for  patent  or  enamclwl  leatlier  are  tanned  whole. 
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Steer  hides  are  iiRually  used  fur  enameled  leather.  They  should  be  of 
larfjf  Hpread  and  well  taken  off. 

Uideu  fn>iii  the  tn)i)ic!j  du  not  make  as  good  leather  as  those  of  tem- 
perate latitudes. 

Bull-hides  are  inferior  to  either  steer  or  cow  hides,  making  a  thick, 
apoufty  leather. 

Imitation  buckskin,  collar,  and  sole  leather  are  matle  fh>m  bison 
hides. 

The  skill  of  tlie  white  whale,  tanned,  makes  a  fine,  tough  npper 
leather. 

Lamb,  deer,  anteloiw,  and  peccary  skins  are  tanuetl  for  gIo%'e  leather. 

Alligator  and  rattlesnake  skins  have  been  tanned  for  making  boots 
and  shot'N. 

Walrus  skins,  vben  tanned,  make  a  coarse,  spong>'  leather,  from  half 
an  inch  to  an  inch  in  thickness,  used  for  bulUng-i'ulIs  and  for  covering' 
p«»lishing-wbeel3. 

Boots  have  been  ma^le  of  human  skin.  A  pair  made  from  human  skin, 
tanned  with  siunac,  had  upi>crs  of  a  russet  color. 

Splits  Qx>m  enameled  leather  are  waxtinisbed  and  sent  to  England. 

Splits  in  the  rougb  are  sold  for  the  in-soles  of  shoes. 

"  Flesh  "  finished  splits  make  cheap  shoes,  but  they  wear  welt. 

In  some  tanneries  the  st^raps  from  the  currying-shop  are  made  into 
in-sole  leather  or  into  backs  for  horse-brushes. 

Tlie  National  Leather  Company,  of  Detroit,  by  Charles  Ricbter's  pat- 
ent process,  can  get  ealf-skius  from  tlie  hair  on  to  the  counter  in  20  diiys. 

Colored  leathers  are  made  by  tlie  use  of  analiue  colors. 

"A  perfect  oak  stain  can  be  made  with  oxalic  acid  and  French  yellow ; 
add  as  much  water  as  vill  take  up  the  acid,  but  put  half  a  pound  of 
Frencli  yellow  to  a  gallon  of  water,  adding  a  of  couple  ounces  of  sugar 
of  lead  to  make  it  strike  in  quicker.  The  leather  sliould  be  thoroughly 
soaked  before  using  the  stain  on  it,  and  if  the  '  English  color*  for  sole- 
leather  is  wanted,  omit  the  French  yellow  and  use  instead  a  little  pil>e- 
elay. 

Tannerine  is  a  chemical  preparation  designed  to  replace  urine  in  pre- 
paring leather  for  coloring.  It  is  said  to  give  peimaneney  and  brill- 
iancy to  the  most  delicate  colors,  and  to  be  free  from  the  offensive  odor 
of  urine. 

The  Wileox  tannery,  in  Elk  County,  Pennsylvanin,  is  the  largest  tan- 
neiy  in  this  country,and  the  largest  exclusively  sole-leather  tannerj'  in  the 
world.  Its  production  for  several  years  past  has  been  about  200,00<( 
sides  of  hemlock  sole-Ieatber  per  aimuin.  yext  to  this  comes  the  Eagle 
Valley  tannery,  at  Eidgway,  Pa.,  tanning  150,000  sides. 

Leather  board  is  manufactured  in  the  United  States  as  a  substitnte  for 
leather. 

Jjeatkeretie  is  a  substance  resembling  morocco  leather  so  closely  that 
few  persons  are  able  to  distinguish  the  difference.  It  is  manufactured 
in  England,  and  is  composed  of  fibrous  felt,  grainc<l  and  finished  to  imi- 
tate pebble,  strait  graui^  patent  leather,  or  any  other.  It  is  colored  to 
resemble  moro<^eo,  and  is  used  for  book-binding,  belts,  boxes,  pocket- 
books,  and  bat-linings.  The  cost  is  50  per  cent,  less  than  any  utbfi' 
material. 

Ariijicint  leather  is  made  from  leather  cuttings^  India  rublwr,  and 
aqua  ammonia.  The  cuttings  are  cleansed,  put  into  a  ina<rliiiie  untl 
worked  into  a  fibrous  niasR,  then  mixed  with  ammonia,  after  which  the 
gelatinous  material  is  pressed  into  molds  or  ixilled  into  sheets  and  di'ied. 
Tlic  material  is  now  hard,  non-elastic,  and  soluble  in  water. 

The  India  rubber  is  washed,  dried,  dissolved  in  oil  of  turjtejitine  or 
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some  Bimjiar  solvent  mixed  with  amntonia,  and  then  tliorouglily  incor- 
porated with  tlxe  leather  masa.  When  the  mixture  be«omea  homoge- 
neous it  ia  either  pressed  into  molds  or  rolled  into  lengths  and  dried; 
whilo  drying  it  is  subjecjed  to  progressive  pressure.  That  intended 
for  the  soles  of  boots  and  shoes  receives  the  greatest  amount  of  pressure. 
It  U  then  dyed  or  glazed  to  imitate  natural  leather.  Tlie  firmness  and 
durability  of  this  material  are  of  a  doubtful  character. 

Vegetable  leatker  is  being  introduced  as  a  substitute  for  leather.  It 
coQ»sts  of  cotton  or  cotton  waste  and  dust,  cocoanut  fiber  and  other 
textile  products,  carded  into  sheets  of  wadding  and  treated  to  sativation 
with  a  decoction  of  a  certain  species  of  marine  moss  that  is  abundant 
along  the  coast  of  Xew  England.  The  sheets  are  placetl  upon  heated 
line  plates,  saturated  as  above  stated,  dried,  subjected  to  heavy  press- 
ure under  rollers,  coated  with  liusecd-oil,  and  dried  again.  They  are 
then  coated  with  vegetable  wax,  run  through  hot  fluted  roilei-s,  and  fin- 
ished by  passing  between  polished  rollers. 

It  is  bronzed,  silvered,  and  varnished,  and  is  said  to  be  a  good  sid>- 
aitnte  for  leather  in  fabricating  harness,  military  eiptipments,  eaniage, 
table,  and  chair  covers.    It  may  be  used  iu  book-biudiug. 

Appendix. 
Tanning  material. 

Oai  bark. — The  tanuin  or  tannic  acid,  used  to  prepare  leather  from 
the  skins  of  animals,  is  found  in  the  bark  of  the  various  species  of 
Qftreui.  The  bark  obtained  from  the  oak  tree  has  long  been  most 
viteosively  used  for  tanning.  The  bark  should  be  stripped  from  the 
tree  in  the  spring,  as  it  then  contains  a  much  larger  quautity  of  tannin 
thm  that  taken  from  the  tree  at  any  other  time  of  the  year.  The  oak 
bark  naed  for  tanning  purposes  on  the  Pacific  coast  is  obtained  from 
the  chestnut  oak ;  the  principal  supply  coming  &om  Santa  Clara  and 
Mendocino  Counties,  that  &om  Gilroy,  in  the  former  comity,  being  more 
higb.]y  prized.  The  best  bark  is  stripped  from  thrifty  trees,  about  two 
f€«t  in  diameter.  Aiter  stripping,  the  bark  is  stacked  under  cover  to 
•liy,  for  if  rained  upon  a  portion  of  the  tannin  will  be  washed  out  and 
wL  ^Vhen  dry,  it  is  ready  for  sale.  The  dry  bark  is  ground  iu  a 
bark-mill,  in  order  that  the  tannic  acid  may  be  more  easily  extracted 
vhen  the  bark  is  put  in  the  vats. 

India  gambier. — ^This  substance  is  extracted  from  the  leaves  of  a 
species  of  acacia,  a  shrub  or  bushy  tree,  grown  from  slips  or  cuttings 
•  n  plaatations  in  the  island  of  Singapore  and  on  the  mainland  opposite. 
WhJen  these  bushes  are  two  or  three  years  old  the  leaves  are  stripi>ed 
oB'and  boded  to  extract  the  gambier;  this  is  reduced  to  the  consistency 
if  Bimp,  and  the  leaves  are  raked  out  and  the  water  is  evaporated  by 
placuig  it  in  pmis  and  exposing  it  to  the  heat  of  the  sun.  These  pans 
of  gambier,  when  dry  enough  to  handle,  are  cut  into  cubes,  sacked  and 
«ut  to  Singapore,  where  the  cubes  are  pressed  into  bales  varying  from 
-■W  to  200  pounds,  covered  with  mats,  and  are  then  ready  tor  ship- 
i»™t.  Gambier  tlins  prepared  is  a  tough,  inspissated  mass,  with  a 
•^'ty^  gr-ay  fracture,  and  a  very  astringent  taste.  The  slirub  exhausts 
llie  soil  where  grown  in  about  five  or  six  years. 

Sumach  is  a  plant  belonging  to  the  genus  Rhus. 

Sitilif  gumach. — The  variety  known  in  the  market  as  Sicily  sumach  is 
imiwrted  from  Italy,  Sicily  and  the  other  Italian  islands,  and  is  ex- 
l*nsiveiy  used  for  the  production  of  bright  leathers  both  by  tannem 
anih-urriers.  It  is  imported  in  a  pulverulent  state,  in  sacks  of  120  iwunds 
wuli,  and  possesses  a  much  lighter  color  than  Virginia  sumach.    It  is 
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used  OH  the  Pacific  coast  chiefly  for  tanuing  "skirtiog,"  a  light-colored 
leather  used  for  making  Raddlo-nkirts  and  saddles,  and  give«  groat 
iiuiformity  of  color  and  a  much  softer  toning  to  the  leather  than  oak 
bark. 

American  gitmach  is  indigenous  to  a  belt  of  country  extending  &om 
Maryland  tlirongh  Virginia  and  the  Carolinas,  thence  through  the 
iiortliem  sections  of  Georgia,  Alabama,  Mississippi,  and  in  parts  of 
Kentucky  and  Tennessee ;  also  found  in  large  quantities  in  Ifcw  York  and 
Pennsylvania,  hut  the  nortliem  climate  appears  too  cold  to  develop  the 
tunning  projierties  of  tliis  plant. 

Virginia  avmach. — Virginia  takes  the  lead  in  producing  sumach, 
where  great  care  is  taken  in  sele4:t)ug  and  grinding  it.  The  gathering 
season  begins  about  July  1st  and  ends  with  the  first  frost,  which  tiiruH 
the  leaf  red,  rendering  it  worthless.  The  strength  lain  the  leaf  and  leaf 
stem.  It  is  sold  in  sacks  of  120  pounds,  eaeh,  is  of  a  gray  color  and 
pulverized,  and  is  much  used  in  tanning  calfskins.  It  makes  a  softer 
leather  than  any  other  tanning  material,  and  is  much  used  in  the 
production  of  bright  leathers. 

Vatonia. — ^This  is  the  product  of  the  great  prickly-cupped  oak.  This 
tree  grows  in  Tiu'key,  the  Morea.  the  Levant,  Italy,  and  the  Italian 
islands.  The  acoms  with  the  cups  attached  are  imported  in  sacks  of 
200  pounds  each,  which  are  ground  in  the  bark -mill.  They  are  of  a  yel- 
lowish color.    The  cups  contaju  an  abundance  of  taunin. 

Pricc>  o/Utnmng  maleriaU. 

Coin. 

Oak  hnrk,  phratiint  oak,  from  Santa  Clara  County,  California $17.25    i>i>r  conl. 

Oak  bark,  phoatniit  oak,  fruiu  Memlocino  County,  California 15.35    iter  iMiril, 

Snmach,  Sicily $115.00®  125.00   por  tan. 

Sumach,  Vinrmia 45.00  «    90.00   per  ton. 

Gainbier,  India 07^  per  Ih. 

VaUmia .OBtporlb. 

Oil,  neatVfoot 95    per  gal. 

Oil,  polar  (Hiiemi  oil) ; (15    jMr  «»]. 

Oil,  taunrr'H  (common  wlialc-oil) Ji2i  per  gal. 

OILS. 
Below  are  given  the  most  important  oils  used  in  tanning  and  curry- 
ing, together  with  their  prices.    Of  course  these  prices  varj'  with  the 
fluctuations  of  the  market,  but  they  wilt  serve  bs  a  relative  standurd  of 
value : 

Nomenclature,  I    P^i™  per 

]         RlllloU. 

Oil,  winter  sperm,  bleochod , I  (1  "■'> 

Oil,  wiiitfir  sperm,  natnral  color '  I  (ii 

Oil,  neat's-foot,  pressed,  extm (81   15  «  I  Wi 

Oil,  neal's-foot,  crude,  pure 1  1  (Ki 

Oil,  iieat's-foot,  second  qnalitv H'> 

Oil.  winter  black-fish,  bleaclied i  Hf) 

Oil,  winter  black-Gah,  natnral  color f*' 

Oil,  seanilepbant,  refined 

Oil,  sod,  Enf^tisli 

Oil,  sod,  American 

Oil,  Newfoundland  cod 

Oil,  stniitfl 

Oil,  Iwink 

Oil,  fish,  pre«Mi>d,  Tjleachi'd 

Oil,  flsli,  proHsed,  natural  c«lor 

Oil,  Delaware 
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Color*  of  otb. 


Ktodaof  oil. 

Color. 

Bemuke. 

Liglrtrtrftw. 
AahademorB 

YeUow;  dark. 
St-iU  darker  . 

Very  clew. 

TeUowthaonboTe.. 
11  thanftlMTe 

Hedd»h-y»Uo 

Suli;  straw  .. 

AlmOBl  block 
AlmoBt  black 

Prieet  of  letlitr,  Amu  packtd,  and  orHnmrf  «i 


:.  t^b&i~" 


Metatt  par  tMjinid 

31  amU  »r  nonild 

M.Mperiide 

llocmta  p«r  HiDant  toot... 
1So«dU  per  •qiuitfDot... 

do 

IS  »  20  osnts  pet  squire  foot 
laeenti  per  iquHV  fi»t... 

BO  DHitB  per  poniid 

3S  Deotaper  pgnad .... 

17  eeata  ptr  MDftn  faot. . . 
ISeenUperH^ 

in  eeiitB  par  ■qiun  ftwt. . . 

Tariei 

80  Muti"  a»l.(Kip*rponi»d. 

VceoUper  ponnd 


Making  hArneflft. 

Bridles,  llgbt  huDM*.  and  ooverjng  udi 

CoUan. 

Men'B  ^1«T«,  boot«,  and  all  ohe^  • 

bdnr;  work. 
Plabeinieu'a  boota  and  o* 
Brogut  and  aH  coarae  -won. 
LMUm- gilUn  and  ahacia. 
Hco'i  oovM  boota,  &a. 
CoToHng  tmnka  and  rdliea. 
Bnaana  and  obau  aboaa. 
SaddlMkirUand  aaddlM. 
Latlgoa  and  aparetoa. 
l«cii(  bdta.  aiitba'  i^rhu,  fo 

Ian,  apand'*'  ''o. 
UaUnabellona. 
BelU  G>r  maohlnerr  (aold  par  ni 


OLOSSABY. 

Ahatinf/. — See  Bating. 

Bate-atone. — A  scouriug  atone  curved  U>  fit  the  beam  or  mcUned  rest 
of  rLe  beam-house,  and  used  to  8crai>e  tlie  skins  after  taking  them  from 
tbe  niannre-vats.     (Fig.  23.) 

Batittg. — Is  steeping  the  hides  in  a  lixi\ium  of  hen-maDOie  after  com- 
tiii:  out  of  the  lime-vats.  Tliis  process  tends  to  separate  the  lime,  oil, 
uul  glatiitoas  matter,  and  to  make  the  skins  pliant,  porous,  and  ready 
to  imbibe  the  tamiiug  principle. 

Bark-milL — A  mill  used  for  grinding  and  pulverizing  ofkk  bark, 
valonia,  &c.    (Fig.  21.) 

Beam. — This  consists  of  a  heavy  block  of  wood,  upon  which  the  cor- 
nn  stands ;  into  one  end  is  mortised  or  hinged  a  stiff  piece  of  wood, 
face<l  with  a  piece  of  light  wood,  to  which  is  glueil  a  plate  of  mfdiogany 
<it  lii^Quin-Wtie.  Tlie  face  of  the  plate  must  1^  a  perfect  plane  to  agree 
«ith  the  edge  of  the  ciurier's  knife  iu  shaving.  The  inclination  of  the 
iKsini  depends  on  the  convenience  of  the  operator,  who  holds  the  leather 
by  pressing  it  against  the  beam  with  his  legs  and  body.    (Fig.  IS.) 

6  OBD  - 
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SUusking  (for  Aumesf  and  hr^U  leaiker). — A  decoction  of  iron-rnst 
and  vinegar,  or  ironrast  and  sour  wine. or  sour  beer^  applied  to  the 
grata  eide  of  the  leather  after  it  has  been  stained.  The  vinegar  solution 
iB  the  beeL  After  this  application  the  leather  is  said  to  be  blacked  on 
the  grain.  --  _    .  .  .  , 

EUuMi^  (for  wax  leather). — A  compound  of  lampblaok  aa.A  soft 
soap,  laid  on  flesh  side  with  a  brash,  ^e  skin  is  now  said  to  be  blacked 
on  the  filesh,  of  waxed. 

BUwrn. — A  jeilowish  deposit  upon  the  grain  side  of  a  hide  or  skin 
derived  from  the  bark  used  in  tanning.  Its  ease  of  removal  depeQd» 
upon  the  hardness  of  the  water  osed  by  the  tanner.  The  softer  the 
water  the  more  readily  can  the  bloom  be  removed. 

Bruising. — Doabling  grain  side  of  a  hide  together,  and  rubbing  it  on 
the  flesh  with  a  graiuing-board. 

Boarding. — Doubluig  the  leather  with  the  flesh  sides  together,  and 
driving  the  fold  forward  and  drawing  it  backward  by  the  graining- 
board.    It  makes  tlie  leather  supple  and  raises  the  grain. 

Buffing, — Taking  oflf  thin  shapings  from  the  grain  side  with  a  buffing- 
slicker  until  the  skin  is  verj'  thin ;  the  object  being  to  make  cowhide 
imitate  calfskin.    The  operation  is  finished  by  whitening. 

Clamp. — ^A  wooden  bench-screw,  canning  two  checks,  used  to  pre- 
vent the  leather  from  moving  during  the  operation  of  stoning  or  slick- 
ing.   (Fig.  11.) 

CUaring-tUme. — A  fine  pebble,  used  to  rwnove  from  the  currier's  kmfe 
the  scratches  made  by  the  rub-stone.  The  Scoteh  ^ray  and  Welsh 
clearing- stones  are  generally  octagonal  in  form,  four  inches  thick  and 
from  six  to  eight  inches  long. 

Corlt  arm-board. — A  graining-board,  made  of  the  outer  or  dead  bark 
of  the  cork-oak.    It  has  no  grooves.     (Fig.  5.) 

Currier's  knife. — This  is  a  double-edged  rectangpilar  knife,  about 
twelve  inches  in  length  and  five  inches  in  width,  with  a  straight  han<lle 
at  one  end  and  a  cross-handle  at  the  other,  the  axes  of  both  being  in 
the  plane  of  the  blade.  This  knife  is  tlie  most  important  tool  used  by 
the  currier.  The  blade  is  a  plate  of  steel  carefully  and  peculiarly 
tempered,  and  is  ground  to  a  straight  edge  by  rubbing  it  forward  and 
backward  upon  the  rub-stone.  The  scratches  left  by  the  latter  are 
removed  by  rubbing  on  a  fine  Scotch  or  Welsh  cleanng-stone,  which 
leaves  a  wire  edge.  The  edges  are  then  wiped  dry  and  oiled.  The 
workman  now  takes  a  taming  steel,  and  by  rubbing  it  carefully  from 
end  to  end  the  edge  is  gradually  turned  completely  over.  To  keep  it  in 
this  condition  requires  the  greatest  skill,  as  it  cannot  be  used  more  Uian 
a  minute  without  losing  its  keenness.  To  restore  this,  the  point  of  a 
small  steel  (finger-steel)  is  first  run  along  the  groove  formed  by  turning 
the  edge  over,  and  then  the  steel  is  made  to  pass  along  outside  the 
edge.  When  used,  the  plane  of  the  knife-blade  is  held  ahnost  perpen- 
dicularly to  the  skin.     (Fig.  1.) 

Dampened— Damped. — To  moisten  the  leather  with  a  wet  sponge,  in 
order  to  make  it  dry  evenly.  When  hides  are  dry,  they  must  always  be 
dampened  previous  to  skiving  or  shaving. 

Dubbing  or  Daubing. — See  Stufflng. 

Finger-steel. — A  carefiilly-prepami  inatmment  used  for  restoring  the 
edge  of  the  currier's  knife  while  in  use.    (Fig.  7.) 

Flattening.— Same  as  shaving,  except  in  some  cases  the  skin  after 
ski^•ing  is  shaved  across  [i.  e.,  nearly  at  right  angles  to  the  skiving),  and 
then  fiattened  by  being  shaved  again  in  the  same  direction  as  tlw  skiv- 
ing. 
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Flmker—FleskiHg-knife. — A  long  two-handled  and  somewhat  blunt- 
edged  knife,  curved  to  fit  the  Bloping  rest  of  the  beam-house.  Its  cross- 
fwtion  is  concave  downward.  It  is  used  to  scrape  off  the  hair,  scarf- 
htin,  looae  flesh,  and  cellular  tissue.    (Figs.  3  and  20.) 

Flenkixg. — This  operation  is  performed  in  the  beam-house.  The  hair  is 
scraped  off  the  hide,  the  loose  and  adherent  flesh  removed,  together  with 
lime  and  dirt,  by  a  two-handled  kuife,  called  the  desher,  curved  to  fit 
ibe  convex  surface  of  the  mclined  beam. 
FktK  tide. — ^The  side  of  a  skin  or  hide  next  the  animal's  Seeb. 
Olamng. — Smoothing  and  polishiDg  a  side  of  leather  by  means  of  a 
plate-glass  slicker,  or  a  glassing-jack. 

GhigiHg-jack. — A  machine  driven  by  st«aun-power,  to  which  is  fitted 
i  plat&f  lass  slicker,  for  smoothing  and  polishing  learner.    (See  Jack.) 

Graining — Consista  in  giving  to  tlie  leather  a  granultv  apjiearance 
npon  the  grain  side,  by  either  the  graining-board  or  the  pebbling-ma- 
thm. 

Graining-board. — A  rectanular  piece  of  wood,  with  the  upper  surface 
ai^ane;  thb  lower  one  is  convex,  and  fluted  with  parallel  grooves,  which 
niu  pecpeDdicnlar  to  its  length.  A  leather  strap  attaches  it  to  the  hand 
or  arm.    The  grooves  are  coarse  or  flne,  as  occasion  requires. 

Grain  ride. — The  side  of  a  hide  or  skin  from  which  the  hair  has  been 
removed. 
Hangers. — Same  as  stringers. 

Sandting. — Taking  the  sides  out  of  the  vats  into  the  air,  smoothing 
tbem  out  and  piling  them  together  on  one  side  to  drain,  after  which 
ther  are  returned  to  the  stringers.  Each  time  they  axe  handled  they 
are  (tot  back  into  a  stronger  ooze. 

Jact. — ^Tbe  Jack  is  a  machine  to  which  may  be  fitted  a  steel,  glass,  or 
li^uQi-vitie  slicker,  a  Walpole  scouring-stone,  or  a  pebbling-roller,  ac- 
ttnling  as  the  leather  is  required  to  be  slicked,  smoothed,  polished, 
stonwl,  or  pebbled.  It  performs  these  operations  more  quickly  ana 
rffectively  than  they  can  be  done  by  hand,  and  with  less  expense. 

Junk  rat. — This  is  a  large  vat,  into  which  is  pumited  the  tan-liquor  or 
<»ie  which  has  been  deprived  of  a  great  part  of  its  strength  in  the  layers. 
Thijj  hquor  is  again  utilized  by  bemg  pumped  into  the  stringers,  where 
veak  ooze  is  required. 

Lojfen — Lajf-atca^s. — These  are  vats  or  pits  in  which  the  sides  are 
laid  away  or  stratified  with  ground  oak  bark  after  coming  out  of  Hie 
stringers.  The  sides  are  laid  flesh  down,  to  prevent  the  hook  scratching 
the  grain  in  t^dng  out.  The  layers  contain  the  strongest  infusion  of 
•mkbark. 

lAming. — The  process  of  immer^g  the  fresh  hides  in  vats  containing 
Qiilk  of  lime. 

MiU. — Is  a  large  wooden  drum  or  cylinder,  about  eight  feet  in  diam- 
trler,  and  four  feet  in  height^  water-tight,  and  having  large  wooden  pins 
['roj*«iing  radially  fr(»m  the  interior  concave  surface  toward  its  horizon- 
tal HhafL  Hear  one  end  of  the  dnun,  and  ext«rior  to  it,  is  a  small  iron 
j'iiiion,  whose  shaft  is  parallel  to  the  shaft  of  the  cylinder,  which  engages 
the  cogs  upon  the  curcnmferetice  of  the  drum,  causing  it  to  revolve  from 
nght  to  twenty  times  per  minute.  The  pinion-shaft  is  put  in  motion  by 
A  1«lt  connected  with  shafting.  The  mill  is  used  for  stufliiig  light 
'*^ather  and  for  various  other  purposes.  After  stoning,  skiWiig,  and 
■having,  the  sides  are  quite  hard,  and  are  put  in  the  mill  with  some  tan 
tufnor  to  soften  them  and  to  make  them  porous.  In  stn£Qng,  a  charge  of 
aliont  twenty  sides,  more  or  less,  is  put  in  the  mill,  with  the  proper  amount 
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of  dubbing,  and  it  is  then  aet  in  motion  for  fifteen  or  twenty  minntes, 
vrhea  the  milling  is  completed.    (Fig.  26.) 

Motm  ktUfe. — A  circular  knife^  ten  or  twelve  inches  in  diameter,  having 
a  round  four  or  five  inch  hole  in  the  center  to  introduce  the  hands  in 
workihg  it.  It  is  concave,  presenting  the  form  of  a  conical  zone.  The 
concave  part  is  applied  to  the  shin.  The  edge  is  tnmed  over  a  little  to 
prevent  it  from  entering  too  for  into  Hie  leather.  It  is  oaed  for  shading 
off  the  coarser,  fleshy  parts  of  the  skin.     (Fig.  4.) 

Ooze. — This  is  an  InAision  of  oak-bark  or  other  tanning  material  with 
vhltdL  the  vats  are  filled  for  tanning  leather.  The  strength  of  the  ooze 
is  usually  determined  by  the  aatringency  of  the  taste  of  the  liquor.  The 
barkometer  (Fig.  9),  a  kind  of  hydrometer,  is  sometimes  used.  But  lit- 
tle reliance  can  be  placed  upon  its  indications,  as  the  ooze  contains  other 
soluble  ittgrediemtB  besides  tannin,  whicli  affect  its  specific  gravity. 

Pebbling — Is  done  by  passing  the  side  of  leather  through  a  pebbling- 
machiiie,  which,  by  means  of  a  metallic  roller  having  its  cylind!rical  sur- 
fEtce  covered  with  indented  reticulations,  stamps  a  gmin  upon  it. 

PtiAling-mackine. — Attach  a  pebbling-roller  to  the  Jack,  and  it  consti- 
tutes this  machiue. 

Polar-oil. — The  best  quality  of  8perm.oil. 

Polisking^aek, — A  machine  armed  with  a  lignnm-vitie  slicker;  used 
for  polishing  leather  when  considerable  pressure  is  required. 

BoUing-miU. — A  smalt  brass  roller,  driven  by  steam-power  and  pann- 
ing over  a  concave  bed  covered  with  brass,  to  which  any  degree  of  prox- 
imity may  be  given  by  a  sj-stem  of  compoand  levers,  thus  giving  any 
desired  pressore.    It  is  used  for  rolling  sole  leather. 

Bonn-oil. — Common  oil.  A  compoand  of  melted  rosin  and  linseed- 
oiL 

Rub-aUme. — A  block  of  sandstone  placed  on  a  strong  trestle  of  a  con- 
venient height,  upon  which  the  currier  rubs  and  sharpens  his  knives 
and  other  tools.  The  upper  surface  should  be  a  i>crfect  plane.  Those 
made  of  Nova  Bcotia  sandstone  are  cylindrical,  about  eight  inches  in 
diameter  and  one  foot  in  length. 

Scouring  on  thejleah. — On  l)eing  taken  out  of  the  water  the  skins  are 
spread  out  and  set  on  the  scouring-table  by  j>assing  a  steel  slicker  over 
the  flesh  side,  wliicli  brings  the  grain  in  close  contact  with  the  table, 
and,  b^ng  wetj  it  adheres  to  it.  A  bountifnl  supply  of  water  is  applie<l 
and  rubbed  bnskly  over  the  flesh  side  with  a  stiff  brush,  whereby  the 
}mlpy  portions  of  the  surface  are  scrubbed  off,  and  the  skin  presents  a 
£oft  whitened  appearance  and  the  i>ores  are  o]>eiied. 

Scouring  on  the  grain. — The  skin  is  set  on  a  scouring- table  by  a  slicker, 
which  stretches  it  and  at  the  same  time  loosens  the  bloom.  The  grain 
aide  is  kept  uppermost,  and  is  smartly  bruslied  with  a  stiff  hair  brush, 
using  at  the  same  time  plenty  of  water,  when  the  slicker  is  again  nned 
to  remove  the  water  and  loosened  bloom.  A  stock-stone  is  often  nsed 
instead  of  the  slicker  to  loosen  the  bloom. 

Scouring-tabU. — This  is  a  large  flrmly  built  table,  with  a  mahogany 
bird's-eye  maple  top  (sometimes  the  top  is  of  slate  or  marble) ;  it  is  about 
twelve  feet  long  and  four  feet  wide,  so  constructed  that  the  water  used 
in  scouring  may  pass  off  readily  upon  the  side  opposite  to  that  on  which 
the  workman  is  engaged. 

Set— Set  out. — To  set  a  side  of  leather,  it  is  spread  upon  the  table  or 
stone  when  wet,  and  is  smoothed  out  on  it  by  the  vigorous  use  of  the 
slicker,  and,  owmg  to  it«  wet  condition,  the  ^r  is  easily  excluded  from 
under  the  leather,  and  it  sticks  to  the  table.  A  thin  layer  of  oil  nill 
aeive  the  same  purpose. 
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8iam»g. — In  this  operatioii  the  onirier's  ktii£a  is  often  driven  from  Hie 
Top  to  the  bottom  of  the  beam,  tlLOB  taking  off  ahaving  after  shaving, 
leaoviag  all  ihe  inequalities  leni  after  skiving,  and  making  the  leather 
«l  nniform  thickness,  also  leaving  a  beautiful  smooth  &ce  on  the  fleah 
ade.  TbiB  operation  is  often  called  fiattening.  The  shaving  or  flatten- 
ing IB  done  almost  at  right  angles  to  the  skiving. 

8lutrt-hair  kai/e. — A  keen-edged  knife  used  in  the  beam-honse  to  re- 
move short  hairs  (new  giowth)  from  the  hides.    (Fig-  S.) 

I&ang. — A  paate  made  of  flour,  soap,  beeswax,  a  little  linseed-oil  and 
vater.  It  is  applied  to  the  graiu  side  with  a  sponge.  It  Alls  the  pores 
aod  serves  to  give  a  smooth  fluiah  to  the  leather. 

Skiving, — The  skin  is  laid  over  the  beam  and  the  rough  fleshy  portion 
is  ahaved  ofl'by  the  currier  driving  his  knife  obliquely  a  few  inches  at  a 
time,  and  keeping  the  right-hand  handle  of  the  knife  slightly  in  advance 
(tf  the  left-hand  one  in  the  downward  motion. 

Slicker,  tteel. — ^A  rectangular  piece  of  6t«el  about  five  inches  long. 
The  edge  is  also  a  rectangle,  and  ia  sharpened  upon  the  rub-stone  by 
grindii^  it  perpendicularly,  and  then  upon  each  side,  producing  thus 
two  edges  (or  rather  right  angles)  by  which  the  leather  is  scraped  in- 
stead of  being  cut.  It  is  used  to  remove  excess  of  water,  oil,  eto,  from 
leather.  Ita  applications  are  various.  It  has  a  handle  like  that  of  a 
stock-atone.     {¥i%.  12.) 

Slicker,  gtoM  or  ligntim-viUe. — These  are  similar  in  form  and  dimen- 
sions to  ^e  steel  slicker,  but  the  bladea  are  made  either  of  thick  plate- 
Rlaas  or  lignum-vitee.  The  edges  are  rounded  instead  of  being  rectangu- 
lar.   They  are  chiefly  used  to  smooth  out  and  polish-leather.     (Fig.  14.) 

Slicker,  buffing, — This  has  a  narrower,  longer,  and  very  much  thinner 
bWe  tlian  the  others.  Its  edge  has  an  acute  angular  longitudinal 
grmvB  mnning  along  it,  thus  forming  two  very  keen  cutting  edges, 
which  are  kept  in  proper  condition  by  the  finger-steel.  It  is  used  by 
pbdng  one  edge  and  the  stock  ^t  upon  the  leather,  the  latter  being 
stretched  upon  the  table,  and  forcibly  pushing  it  forward,  taking  off 
thin  shavings  from  the  grain  surface.  When  one  edge  is  dolled  the 
sUcker  is  tamed  over  and  the  other  side  used  nntU  it  loses  its  edge, 
when  the  finger-steel  must  again  be  brought  into  requisition.    (Fig.  25.) 

SUeker,  whitening. — This  instrument  has  almost  the  same  form  and 
dimensions  as  the  buffing-alicker  (which  see),  but  instead  of  a  re-entrant 
angle  along  the  edge,  it  has  a  very  narrow  rectangular  one,  whose  an- 
gles are  kept  sharp  by  the  flnger-steel.    (Fig.  25.)     See  Whitening, 

SK^ng. — ^For  this  the  slicker  is  used.  The  latter  scrapes  Uie  leather, 
removing  superfluous  water  or  grease,  and  eradicating  the  marks  left 
by  the  stock-stone. 

Sqfi-boarding. — Boarding  or  bruising  the  leather  on  the  flesh  aide ;  it 
lenders  the  akin  very  pliant.    See  Bruising. 

fitting. — This  operation  consists  in  reducing  the  aidea  of  leather  to 
a  uniform  thickness  by  passing  them  through  the  splitting-machine. 
The  latt«r  can  be  a^jnsted  to  split  the  sides  to  any  required  thickness. 
It  is  mainly  employed  in  the  preparation  of  thin  and  Ught  leathers. 

Staining. — Applying  with  a  hair  brush  to  the  grain  side  of  leather  a 
wlution  of  logwood,  sal  soda  and  soft  water.  It  gives  a  dark  color  to 
the  leather. 

Stodt-tUme. — ^A  flat  rectangular  scouring-atone,  five  or  six  inches  long 
wd  h^  an  inch  thick,  fixed  in  a  stock  or  handle.  It  is  used  for  acoor- 
ing.  stretching,  aod  removing  ineqnahtiea  in  the  leather.    (Fig.  13.) 

8t0ning~lB  forcibly  driving  the  stock-atone  over  the  leather  to  remtve 
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iuequalitieB,  streteh  it  and  render  the  grain  amootli.  The  North  Blver 
and  Walpole  scouring-stones,  or  atock-stones,  are  generally  need. 

Stoning-jack. — The  jack  with  the  Htock-atone  attached  ia  called  aston- 
ing-jack.    It  is  uned  for  stoning  and  scraping  leather. 

Utringers — Are  large  vats  in  which  the  skins  brought  &om  the  beam- 
house  are  first  placed,  and  so  tied  up  aa  to  hang  lengthwise  in  the  vats 
and  parallel  to  each  other.  The  vats  are  filled  with  a  weak  inJVision  of 
oak-bark. 

Stu^nq. — A  mixture  of  tallow  and  neat's-foot  oil,  or  tallow  and  Bperm 
oil,  with  which  the  dampened  leather  is  coated.  Great  care  is  requisite 
to  give  the  proper  amount  of  stufiing,  as  too  much  is  injurious.  In  dry- 
ing the  water  evaporates,  while  the  greater  part  of  the  oleagiDons  matter 
is  absorbed,  making  the  leather  supple,  easily  manipulated,  and  impervi- 
ous to  water. 

Stuffing-brush. — A  stiff  hair  brush  used  in  stuffing  leather.    (Fig.  24.) 

Tahle-bruoh. — ^A  soft  hair  brush  used  to  sweep  Bha\'ing8  from  the 
buffing  table.    {Fig.  19.) 

Tuminff-iteel. — A  round  steel  instrument  used  to  turn  the  edge  of  the 
currier's  knife,     (Fig.  6.) 

Yat, — A  large,  ructangular  pit  used  in  tanning. 

Whitening. — 'niis  operation  taxes  the  skill  of  the  currier  to  the  utmost. 
The  leather  ia  laid  over  the  beam,  and  with  an  extremely  fine-edged  knife 
a  thin  shaving  is  token  from  the  fiesh  side.  This  may  also  be  performed 
by  the  whitening  slicker.  In  the  latter  case  the  leather  is  laid  on  a  table, 
the  slicker  laid  fiat  upon  i^  and  driven  with  great  force  repeatedly  down 
the  lengtii  of  the  side,  taking  off  parallel  and  very  thin  shavings.  The 
edges  of  these  instruments  must  be  so  true  tiiat  not  a  scratch  shaU 
appear  upon  the  surface  of  the  leatiier. 

Worker. — A  two-handled,  blunt-edged  knife,  carved  to  suit  &e  in- 
clined rest  of  the  beam-house,  and  is  used  to  scrape  the  hides.    (Fig.  2.) 

^OTE.— For  Figurea  1  to  25  see  Plate  I,  and  for  Fig.  26  see  Plate  II. 

MrpUination  of  platet. 

Platb  I. 

Tanners'  and  curriers'  tools. 

Plate  II. 
Stuffing  mill,  &e. 

P1J.TE  III. 

Fig.  1.  Usual  outline  and  trim  of  hide,  given  by  Mr.  Jacksou  S.  Schultz. 

A  A,  Bellies. 

B  B,  Bends. 

G  and  D,  Shoulders. 

Sometimes  the  shoulders  are  cut  so  as  to  iaolnde  the  neck,  and  in  that 
case  both  "  0  "  and  "  D  "  are  cut  in  one  piece ;  bat  it  is  more  common  to 
cat  "  0  "  as  ihe  shoulder.  All  outside  of  the  bends  marked  "  B  B  "  is 
termed  "  offial,"  but  with  the  specific  names  givrai. 

Fig.  2.  English  nomenclature  of  hide. 

Plate  IV. 


Apparatus  for  leaching  bark. 

Fig.  1.  Allen  &  Warren's  center-post  sprinkler. 
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Fig.  2.  Allen  &  Warren's  hanging  e^riokler. 
Fig.  3.  The  dumping  leach. 

Plate  V. 

Fig.  1.  Sole-leather-rolling  machine. 
Fig.  2.  Sole-leather-rolling  machine,  Bright^s  patent. 
Fig.  3.  Union  leather-Bplitting  mtwuiine,  Eiduu-dBon's. 
Fig.  i.  Keystone  bark-milL 

Plate  VL 

Fig.  1.  Union  leather  whittling  and  boffing  machine. 

Fig.  2.  Tapley  heel-bomishing  machine. 

Fig.  3.  Impression-stitch  mat^ine.    Uses  no  thread  or  needles. 

Fig.  1.  Cruuping-machine  for  boots  and  shoes. 

Fig.  0.  Welt  and  stitching  machine. 
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PLAN  or  MILL 


mmm! 


DEVELOPMENT  Qf  ^J!. 


SECTION  OM  ^J. 


ARC  or  CYLINDER. 


.y  Google 


,  Google 


Kg.  I. 


Fig.  2. 
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Accxinipanying  Appcnilii  K.  18T8 
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APPENDIX  L. 

BIFLED  CANNON  EMPLOYED  IN  THE  8IE0E  SERVICE  IN  FEANCE,  ENGLANDt- 
PRU8SIA,  AND  AUSTRIA,  FOR  THE  EXECUTION  OF  VERTICAL  FIRE.  TRANS- 
LATED FROM  THE  "REVUE  D-AHTILLERIE,"  BY  FIRST  LIEUT.  CHARLES. 
6.  mOH,  ORDNANCE  DEPABTUENX,  UNITED  STATES  ARMY. 

(Four  plates.) 

1.  FbAKCE. — BlFLED  HCWTTZEB  OF  22  0.  M.,  CAST  IBON,  HOOPED. 

TiuB  cauiiou,  adopted  in  1864,  has  been  obtained  by  rifling  and  hoop 
ing  an  old  smooth-bore  howitzer  of  the  coast  service.  The  smooth-bore 
hointzer  gave  a  fire  mediocre  enough,  and  the  bursting  of  shell  in  the 
bore  was  not  uncommon,  without  any  very  apparent  reason  therefor.  It 
is  probable  that,  notwithstanding  the  employment  of  a  siibot,  the  shell 
turned  in  the  bore  and  the  fuse  was  forced  into  the  cavity.  The  rifling 
has  permitted  of  the  employment  with  this  piece  of  a  projectile  weighing, 
more  than  triple  tlie  spheiical  shell,  and  that  with  au  accuracy  of  fire 
which  was  very  remarkable  at  the  epoch  when  Uie  trials  were  made, 
^ce  1861,  therefore,  the  howitzer  of  22  c.  m.,  rifled  and  hootHMl,  should 
be  considered  an  having  replaced  the  mortar  of  32  c  m.,  the  tire  of  which 
TU  too  nncertain  to  utilize  the  effect  of  its  bomb  of  95  kilos,  weight,  and 
of  ffhich  the  reactions  were  so  violent  for  large  charges  of  powder,  that 
a  satiiifactory  platform  for  the  piece  was  never  obtained. 

The  rifling  of  the  numerous  smooth-bore  howitzers  on  hand  in  the 
Duuitime  directions  of  the  land  artillery  having  recently  been  decided 
DjMu,  the  study  of  this  piece  presents  an  interest  of  reahty.  The  details- 
of  the  plan  are  to  be  found  in  the  "Revue  ^ArtUleri^  (January,  1873)^ 
and  in  the  "AideMemoire  of  Naval  Artillery,'"  and  will  not  be  reproduced 
bere;  we  will  only  give  some  information  relative  to  the  hooping,  to  the 
interior  dispositions,  to  the  projectiles,  and  tu  the  carriage. 

Booping. — In  order  to  apply  the  hoops,  the  first  reinforce  of  the  nior- 
Ui  is  turned  down  cylindrically,  in  such  maimer  that  after  the  hoops  are 
put  in  place  the  piece  preserves  very  nearly  its  original  diameter  (the 
"■eight  is  augmented  100  kilos.,  carrying  it  up  to  3,700  kilos.).  The  hoops 
are  put  on  hot,  and  are  of  puddled  steel,  verj-  tough  and  elastic — soft 
steel,  having  a  homogeneous  and  regulai  grain,  being  selected.  Tlie 
shrinkage  (difference  between  the  exterior  diameter  of  the  cannon  and 
the  interior  diameter  of  the  hoops,  measured  when  cold)  is  1  m.  m.  in 
roimd  numbers ;  this  is  at  least  what  was  adopted  at  first.  In  1860, 
the  shrinkage  was  reduced  in  most  of  the  pieces,  under  the  belief  that 
it  occasioned  cracks  in  the  metal;  later  the  more  energetic  shrinkage' 
Tag  resumed ;  finally  it  appears  that  the  ideas  of  1860  were  returned  to, 
so  that  it  is  possible  that  a  more  feeble  shrinkage  will  be  adopted  for 
rifled  howitzers  in  future.  The  unhooping  of  camion  out  of  ser\'ic«  has 
shown  that  the  shrinkage  has  diminished  a  little  in  service,  and  that  the 
same  hoops  may  be  re-employed. 

The  six  hoops  of  the  howitzer  of  22  c.  m.  stop  just  in  rear  of  the  trun- 
nions.   There  is  no  trunnion-hoop. 

The  vevU. — ^The  vent  of  the  howitzer  of  23  o.  m.,  hooped,  has  the  same 
ate  as  in  the  smooth-bore  howitzer,  but  in  order  to  avoid  degradation  of 
the  hoops  in  its  vicinity,  it  is  pierced  for  a  No.  1  vent,  the  description  of 
vhich  we  borrow  &om  the  work  of  Gadaud,  lieutenant  in  the  navy,  ea> 
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titled  "ArtlUerj'  of  tlie  French  Marine  in  1872."    (See  alao  Aide-Memoire 
of  yav(U  Artillery.) 

The  vent  bush  (Plate  VII»,  Fig.  1)  ia  composed  of  two  parts— of  a 
tube  of  cast  steel,  and  of  a  tube  of  hardened  copper.  The  copper  tube 
incloses  a  steel  ring;  its  upper  part  is  cylindrical  and  abuts  against  the 
steel  tube.  The  latter  is  threaded  for  a  certain  length,  and  screwed  into 
the  body  of  the  gun.  The  copper  piece  is  placed  in  a  recess,  widened 
at  the  top  to  prevent  it  (the  copper)  &om  Iklling  out ;  the  steel  tube,  on 
the  other  hand,  prevents  it  Irom  nsing  up;  finally,  the  steel  ring  is 
supported  against  tlio  steel  tube,  and  thus  opposes  any  considerable 
upsetting  of  the  co])per  piece  under  the  action  of  the  gas. 

This  system  was  adopted  as  a  consequence  of  numerous  tdalB,  and  has 
given  good  resiilts." 

The  diameter  of  the  vent  is  6.5  m.  m.  at  the  outer  aperture,  and  con- 
tracts to  5S  m.  m. 

Interior  dvqKmtwn. — The  rifling  consists  of  three  basket-handled 
grooves,  similar  to  those  of  the  cannon  of  30,  with  a  parabolic  develop- 
ment, and  having  an  erjual  inclination  of  Q°  to  the  generatrices  of  the 
bore  at  the  muzzle.  These  grooves  present  a  particularity-  that  does  not 
exist  in  the  cannon  of  30 ;  they  are  pmlonged  in  rear  by  a  part  contracted 
aud  of  little  dei)th,  in  order  to  receive  the  isolating  tlanges  of  the  pro- 
jectile (prolongations  of  the  grooves). 

The  bore  is  eidarged  a  little  at  the  muzzle  in  order  to  facilitate  th'e  in- 
sertion of  the  projectile.  The  cartridge-chamber  is  a  truncated  cone ;  it 
is  shorter  than  the  old  chamber,  aud  the  length  of  the  bore  is  thus  in- 
creased by  10  c.  m. 

Projectiles. — The  ordinary  projectile  is  a  shell  of  a  total  weight  of  70.8 
kilos.,  aud  of  the  usual  pattern  of  the  marine  shells  |  its  length  is  about 
2i  calibers,  and  contains  a  bursting  charge  of  4  kilos.,  which  fllla  the 
chamber.  The  projectile  is  fitted  with  a  peroussion  mechanism  of  double 
reaction,  the  description  of  which  we  borrow  from  the  work  of  M.  Ga- 
daud.  A  hammer  of  bronze  (Plate  VII',  Fig.  2)  incloses  in  its  interior 
some  rifle  powder,  and  is  maintained  in  place  by  two  trunnions.  A  cap 
is  fitted  to  the  upper  part  of  the  fuse  and  held  in  place  by  a  copper  disk. 
Two  iron  pins  prevent  the  hammer,  on  leading  \t»  lodgment,  iW>m  com- 
ing in  communication  with  the  charge  of  jiowder.  The  projectile  being 
thrown  with  a  sufficient  velocity,  the  hammer  breaks  its  trunnions  and 
strikes  against  the  plus ;  when  the  shell  is  arrested  the  hammer  contin- 
ues to  move  forward,  in  virtue  of  its  inertia,  and  strikes  in  the  cap.  It 
is  necessary  that  the  projectile  should  fall  from  repose  through  a  height 
of  15  meters  in  order  that  the  ajiparatus  should  act  successtuUy.  This 
system  acts  with  more  regularity  than  the  Tardy  apparatus,  with  which 
a  pait  of  our  shells  have  been  equii)ped. 

The  howitzer  of  22  c.  m.  throws  two  kinds  of  canister,  consisting  of 
sheet-iron  cases  filled  with  zinc  balls ;  the  weight  of  one  is  31.100  kilos., 
and  contains  56  balls  of  44.3  m.  m.,  disposed  in  four  tiers;  the  weight 
of  the  other  is  39  kilos.,  and  contains  12  large  balls  of  89  ra.  m.  (weight 
2.5  kilos. )j  in  three  tiers,  with  a  tompion  of  wood  in  the  center. 

Exeeptionally  a  massive  cylindrical  projectile  is  thrown  of  82  kilos., 
which,  fired  with  a  charge  of  6  kilos.,  may  be  employed  with  some  chance 
of  success  against  plates  of  12  c.  m.  at  ranges  below  100  meters. 

Apparatus  /or  pointing. — Two  circles  of  steel,  secured  by  two  dowels, 
are  heated  and  put  on  to  the  body  of  the  piece,  one  in  front  of  the  vent 

*  It  wae  foDBd,  In  tbe  experiiu«Dta  of  1871,  that  the  gae  penetrated  betweoi  ths  cop- 
per and  nteel  at  tlieir  Junction,  and  that  tlie  fonner  was  forced  into  the  canal  of  tne 
Tent,  thereby  choking  it.    (Extract  from  work  quoted  above.) — C.  8.  S. 
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and  the  other  in  front  of  the  trnnnions ;  the  first  carries  the  seat  for  the 
Lausse;  the  secoDtl,  the  front  Bight.  The  line  of  sight  has  a  length  of 
IJll  m.,  and  lies  0.2  i  m.  to  the  left  of  the  plane  of  fire. 

The  hauBse  cousists  of  a  steel  rod,  which  is  engaged  in  the  hansse- 
RCiit;  a  horizontal  gange  elides  along  this  rod  and  is  held  in  position 
1>,T  means  of  a  set-screw ;  it  carries  a  movable  sight-notch,  which  serves 
to  correct  the  drift  and  the  de\'iation8  due  to  the  wind  and  the  Telocity 
of  the  vessel  (in  case  of  firihg  at  sea). 

There  are  three  hausses :  hausses  Nos.  1  and  2  are  designed  fbr  direct 
fire  (charge  5  kilos.) ;  No.  1  sen'es  up  to  11  cables'  length  (2,200  meters) ; 
So.  2,  up  to  21  cables'  length  (4,200  meters) ;  No.  3,  for  the  tire  of  bombs. 
The  hauiwes  Nos.  1  and  2  are  gradaated  iu  cables'  lengths ;  hausse  No. 
2,  in  millimeters. 

The  bausee  No.  3  is  only  employed  for  1,200  meters  and  upwards,  be- 
(^wte  firing  nith  charges  inferior  to  1  kilo,  has  been  abandoned.  Upon 
the  lower  part  of  this  hausse  is  engraved  a  table  iudicating  for  each  dis- 
tance the  charge,  the  height,  and  drift. 

Carriage. — The  rifled  howitzer  of  22  c.  m.  has  been  fired  up  to  the  pres- 
nit  on  the  wooden  marine  carriage  described  in  the  Revue  ^ArtUltrie 
(Januarj-,  1873,  page  309),  and  represented  on  Plate  VII%  Figs.  3  and  4. 
"Die  attempt  was  recently  made  at  Oavre  to  fire  it  upon  a  coast  carriage, 
DMilel  of  1866,  with  a  charge  of  6  kilos.,  and  under  an  angle  of  40°,  but  &e 
tnumions  of  the  two  howitzers  exx>erimented  with  were  broken — oneatthe 
third,  the  other  at  the  eighth  shot.  The  same  etfect  was  produced  at  the 
siith  shot  upon  a  carriage  and  chassis  for  a  cannon  of  19  c.  m.  It  was 
GODght  to  augment  the  elasticity  of  the  carriage,  and  the  howitzer  was  fired 
on  a  coast  carriage,  the  cast-iron  cheeks  of  which  were  surmounted  with 
Vttxien  supports  for  the  trunnions;  under  an  angle  of  40°,  and  with  a 
charge  of  6  kilos.,  the  recoil  was  1.G0  m.,  and  the  depression  of  the 
chaiuis  fit>m  7  to  8  m.  m.  At  the'flrst  shot  the  right  cheek  was  cracked; 
at  the  second  shot  firing  became  impracticable.  The  plan  was  then 
tried  of  attaching  trunnion  plates  to  the  carriage  with  wooden  cheeks ; 
at  the  second  shot  the  right  trunnion  was  broken,  as  well  as  the  roUer 
on  the  left  side  of  the  carriage.  This  demonstrated  very  clearly  that 
the  tnmnionfl  of  the  howitzer  are  too  feeble  to  admit  of  finng  from  car- 
riages of  bnt  little  elasticity.  These  trials  should  be  resumed  upon  a 
wooden  carriage,  mounted  on  a  coast  chassis  of  east  fron-  If  itis  only 
desired  to  employ  the  howitzer  for  bomb  firing,  the  marine  carriage, 
which  has  always  behaved  well,  and  which  reqmres  only  five  men  for 
maneuvering,  would  suffice;  for  the  directfireitwould  not  have  a  height 
enitable  to  the  genouilMre  (height  of  axis  of  trnnnions,  1.155  m.  only) ; 
the  recoil,  also,  would  be  too  considerable,  because  of  the  very  liglit 
weight  (750  kilos.)  of  this  carriage;  it  is  questionable,  therefore,  whether 
it  is  very  useful  to  employ  the  howitzer  in  direct  fire.  Perhaps  it  would 
withstand  the  fire  upon  a  wooden  carriage  provided  with  cheek  brackets 
of  iron,  as  in  the  Prussian  carriage,  for  the  support  of  the  trunnions. 

Fire. — The  charges  are  contained  in  cartridges  constructed  upon  a 
mandril  of  159  m.  m.  Between  the  cartridge  and  projectile  is  plaiced  a 
wad  of  seaweed  155  m.  m.  in  length ;  charges  inferior  to  3  kilos,  are  at- 
tached to  the  wad  to  prevent  them  from  turning. 

The  direct  fire  is  executed  with  a  fixed  charge  of  5  kilos.,  which  gives 
an  initial  velocity  of  245  meters  Ibr  the  ballasted  shell  of  79.8  kilos,  (pow- 
der of  Ripanlt). 

The  following  table,  extracted  from  the  Aids-Memoire  of  Naval  ArtH- 
IffTj,  gives  some  Information  on  the  fire  of  the  rifled  howitzer  of  22  c.  m. 
XUe  nnmhem-.that  flgnrB  there  rplnt*- 1"  t^^-  '>B"pt'?t'^  iVtW  a^  «a-itiina  ^ 
whereas  the  service  shell,  since  1864,  weighs  79.8  kilos. 
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Fireof  tktrijied  luHeiiMtnofSAe,m.,  tmplottitu  mortar 
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2.  Enqlaiid. — 8-moH  rifled  howitzer. 

Figs.  6,  6,  and  7  (PI.  YII*)  indicate  the  principal  dimensions  of  the 
S-inch  rifled  howitzers  of  the  Euf^lish  artillery.  The  grooves  have  a 
oniform  pitch  of  1  turn  in  16  calibers  ^  their  profile  is  of  the  system 
known  as  the  Woolwich.  The  length  of  the  rifled  portion  of  the  bore  is 
4.4  calibers.  The  mode  of  construction  of  the  howitzer  is  analogous  to 
that  of  a  gun  of  the  same  caliber.  The  piece  is  composed  of  a  central 
tube  of  steel  and  of  exterior  coils  of  wrouglit  iron.  The  weight  of  the 
piece  is  2,320  kilos.,  with  a  breech  preponderance  of  100  kilos. 

The  projectile  is  a  common  shell  of  79.7  kilos,  with  interior  capacity-  for  a 
charge  of  5.9  kilos. ;  its  length  is  615  m.  m. — say  three  calibers.  .Thi» 
great  length  of  shell  merits  attention,  as  we  recall  to  mind  on  this  x>oint 
tJiat  the  essays  made  by  the  Prussians  in  firing  shells  of  this  length 
were  nnsnccessful.  The  English  are  more  fortunate,  probably  because 
of  the  short  twist  of  their  rifling,  which  is  only  1  turn  in  16  calibers.  It 
seems,  however,  notwithstanding  the  statement  in  their  report,  that  they 
are  not  able  to  give  to  their  shell  a  stability  upon  its  tn^ectory  compara- 
ble to  that  of  tlie  Prussian  or  Austrian  shell :  we  may  be  assured  of  this 
when  we  consider  the  very  extended  limits  between  which  the  ratios  of 
the  mean  deviations  to  the  ranges  vary. 
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TTiis  taWe  Boms  np  some  results  of  the  firing ;  it  is  proper  to  remark 
that  fte  meaiiB  which  they  contain  are  generally  taten  fttwn  a  series  of 
three  shots,  which  is  far  from  sufBcient  to  enable  us  to  judge  of  the 
»oni»cy  of  a  piece.  These  flgnres,  compared  with  those  which  will  be 
(riven  farther  on,  show  that  tiie  English  howitzer  does  not  attain  either 
the  precision  in  range  of  the  Prussian  mortar  or  the  accuracy  in  direc- 
tion of  the  Austrian  mortar. 

The  English  employed,  for  the  experiments  with  the  8-inch  howitzer, 
a  carriage  of  wrought  iron,  weighing  1,360  kilos.  Under  great  angles 
the  recoil  rarely  exceeded  two  meters ;  under  an  angle  of  20°  and  a 
charge  of  4,536  kilos.,  it  attained  4  meters,  and  it  was  very  violent  under 
smaH  angles.  This  carriage  has  not  been  adopted :  it  is  too  light  for  a 
piece  of  this  caliber,  not  weighing  itself  over  2,300  Kilos. 

To  recapitulate,  the  English  are  successfiil  in  firing  from  a  very  short 
piece  a  shell  3  calibers  in  length,  which  enables  them  to  employ  a  very 
larfre  interior  charge;  but,  bo  fbr  as  we  are  able  to  judge  from  the 
mean  flgnres  taken  from  a  verj'  small  number  of  shots,  they  have  not 
been  able  to  attain  in  an  equal  degree  the  regularity  of  fire  of  the  Aus- 
trian and  Prossian  mortars;  their  howitzer,  however,  is  not  the  less  re- 
markable. The  resulta  of  their  experiments  prove  the  possibility  oi 
tiring  feeble  charges  in  pieces  of  large  caliber,  with  projectiles  more 
elongated  than  are  ordin^ily  employed  with  those  pieces,  on  the  condi- 
titm  of  shortentDg  sufficiently  the  twist  of  the  rifling ;  it  is  a  question 
vhetlier  it  ought  not  to  be  reduced  to  1  turn  in  14  calibers  for  a  howitzer 
vftt  inches. 

Before  adopting  their  system  of  rifled  howitzers  the  English  had 
made  some  friiitlees  essays  in  tubing  and  rifling  smooth-bore  cast-iron 
Qiortare  of  10  and  13  indieB,  which  they  tlius  induced  to  8  and  9  inches 
caliber.' 

3.  Pbvssian  bifled  hobtab  op  21  C.  M. 

Theptece.^ — Captain  Manceron  has  described  in  the  Revue  d^Artitlerie 
itume  1,  page  382),  two  models  of  rifled  mortars  employed  during  the 
»ar  of  1870-1871.  The  present  mortar  (model  1871),  represents!  in 
Fig.  8,  PL  VII*,  has  the  same  general  form  that  those  had,  but  it  dif- 
ftra  in  weight  and  dimensions.  (See  Revue  ^ArtiUene,  February,  1874, 
]age  410.)  We  will  confine  ourselves  here  to  the  following  informa- 
tion: Caliber  of  piece,  209.3  m,  m.;  weight,  2,800  kilos,  without  the  fer- 
loetwe,  (the  old  mortar  weighed  3,500  kilos.) ;  number  of  grooves  30, 
inclined  at  an  angle  of  7°  (twist  about  one  turn  in  25  calibers).  ITie 
Wngth  of  the  rifled  portion  is  about  5J  calibers. 

The  mechanism  of  the  fermeture  is  a  Kreiner  double-prismatic  coin 
of22o  kilos,  weight;  the  crunk  is  removed  to  allow  the  piece  to  pass 
henreen  the  checks  when  firing  under  great  angles. 

The  obturator  is  a  copper  ring,  the  rim  of  which  rests  against  the  in- 
»T  <inrface  of  a  steel  ring  screwed  into  the  rear  part  of  the  powder- 
chamber.    (See  Rerue  tPArtitierU,  tome  1,  page  16.) 

PivjectHe. — The  ordinary  projectile  of  the  mortar  of  21  c,  m.  is  the 
oMong  shell  common  to  this  piece  and  to  the  steel-hoopexl  gun  of  21  c 
BL  This  projectile  is  of  a  total  weight  of  80  kilos,,  and  contains  an  in- 
friftT  charge  of  5  kilos.  It  is  covered  with  a  thin  envelope  of  lead 
attached  by  the  chemical  process.      It  has  at  the  bottom  a  tap-hole, 
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between  the  plug  and  the  wall  of  ttie  hole  renders  the  fenuetiire  herme- 
tic. The  square  head  of  the  plug  projects  from  the  bottom.  Two  cylin- 
drical holes  formed  in  the  fore  part  of  the  shell  penult  of  its  being  car- 
ried by  means  of  shell  hooks. 

The  length  of  the  shell  was  fixed  at  2J  calibers  after  a  series  of  experi- 
ments had  made  known  that  a  shell  of  3  calibers  turned  over  at  a  shoii; 
distance  &om  the  piece,  and  that  those  of  2  j  calibers  balloted  upon  their 
trajectories. 

The  interior  chamber  of  the  projectile  is  tarred  to  prevent  explosion 
in  the  bore  by  the  shock  of  the  grains  of  powder  against  the  walls. 
Finally,  the  shell  is  fitted  with  the  well  known  perciisBion  tiise  of  reac- 
tion, with  a  safety  pin.  The  Prussians,  as  well  as  the  Anstriaus,  employ 
a  ftise  of  slow  action. 

Carriage. — The  wooden  carriage  with  cheek  brackets'  has  been  de- 
scribed in  the  Revue  ^Artillerie  (toniel,  page  384) — a  carriage  aiialogoas 
to  the  first  Austrian  model,  which  will  be  examined  further  on. 

fire. — Tlie  maximum  firing  cliarge  of  the  mortar  of  21  c,  m.  ia  3.5  kilos., 
wiiich  gives  an  initial  velocity  of  2ir>  meters  for  oblong  uhell.  The  pow- 
der employed  is  probably  the  ordinary  cannon  j)owder. 

The  following  table  gives  some  information  on  the  elements  of  the 
fire: 

Fin  of  rt«  Primian  iMtrlar  of  21  f.  m. 
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Sketeh  9,  Plate  YII',  indicates  the  result  of  firing  a  series  of  10  shots 
at  a  distance  of  1,860  meters  and  tmder  an  angle  of  30°.  The  circum- 
scribed rectangle  of  these  10  shots  is  about  35  m.  x  7 ;  the  grouping  of 
the  shots  is  very  remarkable. 

EffetA  ofjire  against  tiielteri. — Some  information  upon  the  effects  of 
fire  of  the  Prussian  mortar  against  shelters  has  already  been  published 
in  the  Revue,  in  the  article  of  Captain  Manceron  (tome  1,  page  397),  and 
also  in  that  of  Captain  Petit  (tome  3),  i;platlve  to  the  effects  of  the 
Prussian  artillery  before  Paris.  We  extract  fi:om  the  latter  the  informa' 
tion  relating  to  the  rifled  mortar. 

The  shell  of  21  c  m.  fired  at  a  maximum  distance  of  2,000  meters  had 
a  maximum  penetration  of  only  one  meter  in  recent  earthen  embank- 
ments of  little  consistency,  but  it  produced  some  craters  of  from  3  to  4 
cubic  meters,  and  of  snch  a  nature  that  the  parapets  were,  in  certain 
points,  destroyed  for  a  height  of  0.60  m. 
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At  the  fort  of  Montrouge,  upon  the  arches  of  the  traverses,  covered 
over  with  at  leiOfit  2  meters  of  earth,  the  shells  of  21  centimeters,  notwith- 
stauding  their  feehle  peoetratioR,  produced  io  the  thick  masonry  of  60 
centimeters  some  fissures  and  disjunctioDS,  which  necessitated  the  prop- 
ping up  of  the  arches. 

At  the  fort  of  Vanves,  two  covered  traverses,  which  presented  a  flank 
to  the  shots,  had  their  arches  damaged  at  the  height  of  the  haunches, 
notwithstanding  their  mattresses  of  earth  of  250  meters;  the  ashlars 
were  ilriven  inward  4  centimeters  over  a  surfiice  of  i  m.  q. 

At  the  fort  of  Issy,  a  shell  of  21  centimeters,  falling  almost  perpendic- 
ularly upon  a  little  magazine  of  munitions,  traversed  two  meters  of  earth, 
the  arch  of  60  centimeters,  and  burst  iu  falling  upon  the  ground  of  the 
magazine. 

At  the  fort  of  Vanves,  a  shell  of  21  centimeters,  falling  upon  the  terre- 
plein  of  the  bastion,  cracked  the  arch  of  tlie  casemate  under  the  terre- 
plein ;  this  aruh  had  a  thickness  of  73  centimeters,  and  was  covered  over 
^tb  0.80  centimeter  of  earth,  perfectly  rammed  by  the  continual  pas- 
sage of  the  men. 

The  arches  of  1  meter  in  thicknees,  of  certain  great  powder  magazines, 
fretiuently  resisted  badly  enough  when  they  were  covered  over  with  1 
meter  of  earth,  but  resisted  perfectly  when  the  covering  of  earth  waa 
raised  to  1.80  meters. 

In  the  court  of  the  Double  Grown  of  the  North  some  shelters  were 
MHistructed  with  horizontal  roo&  composed  of  rails  spaced  at  1  meter, 
iumI  having  a  maximum  span  of  1.70  meters;  the^  rails,  solidly  sup- 
ported, were  covered  with  a  flooring  of  joists  and  a  mattress  of  earth, 
^Vhen  tlie  mattress  had  a  thickness  of  3  meters  the  shelters  resisted  well ; 
the  shelters  which  were  covered  with  only  1,60  meters  of  earth  were 
pierced  on  the  first  day  of  the  bombardment. 

At  the  fort  of  Vanves,  a  shelter  covered  with  the  trunks  of  trees  of  30 
ceatimeters,  with  a  span  of  4  meters,  and  a  minimum  thickness  of  1  me- 
ters of  earth,  was  not  traversed,  but  the  ceiling  was  sometimes  disturbed, 

A  shelter  formed  of  nine  frames  of  25  centimeters  scantling,  with  spaces 
of  1  meter,  covered  with  a  cofter  of  joists,  with  2  tiers  of  fkcines  and  2  me- 
ters of  earth,  was  stove  in  by  a  sh^  of  21  centimeters,  after  having  been 
unsettled  by  many  shells  of  15  centimeters. 

The  shelters  of  timber-work  in  the  fort  of  Issy^  with  from  2.50  meters 
to  3  meters  of  earth,  were  more  or  less  compromised. 

Some  blind  shelters  of  joined  beams  of  from  30  to  35  centimeters,  well 
mstained,  covered  with  a  row  of  fascines  and  with  1.20  meters  of  earth, 
withstood  the  fire  of  the  shells  of  21  centimeters. 

In  comparing  the  information  which  precedes  with  the  results  cited 
by  Captain  Manceron,  it  will  be  seen  that  the  fire  of  the  Prussian  mor- 
tar, under  an  angle  of  60  degrees,  and  at  a  distance  of  2,000  meters, 
is  fonnidable  to  hollow  traverses,  even  when  covered  with  2.50  meters 
of  earth,  and  to  the  arches  of  casemates  under  SO  centimeters  of  well- 
nmmed  earth;  that  the  eftect  of  isolated  shots  is  not  dangerous  to 
powder-magazines  with  one  meter  of  earth,  but  that  nevertheless  it  is 
probable  that  the  latter  would  not  withstand  many  shots  fortunately 
grouped.  As  to  horizontal  blindages,  they  are  only  able  to  resist  when 
they  have  a  certain  elasticity,  and  have  the  resistance  of  a  row  of  joined 
trunks  of  trees  of  from  30  to  35  centimeters,  of  a  short  span,  and  covered 
with  Enscines  and  at  least  1.20  meters  of  earth.  These  indications 
give,  then,  the  minimum  resistance  required  iu  shelters  to  withstand  the 
in  under  the  conditions  above  announced.    In  practice,  it  is  necesswy 
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to  exceed  consideroUy  the  minimTim  diinenHionB,  for  the  figures,  if  ac- 
■cnracy  of  fire  show  tliat  it  is  possible  to  group  the  shots  upon  a  small 
Horface,  at  ranges  attaining  to,  at  least,  4,0i)0  meters.  Projectiles  arrir- 
ing  ih>m  these  great  distances,  under  great  angles,  ■wonld  have  a  very 
considerable  i)euetration. 

4.  ATTSTKIAW  BtFLSD  CABT-IEON   HOWITZER  OP  8  POUCES  (21  C.  M.). 

This  piece  is  chiefly  remarkable  in  that  it  gives  great  accuracy  of  fire, 
notwithstanding  its  very  limited  length  (tlie  rifled  portion  of  the  bore 
being  only  4  calibers).  In  the  Revite  (tome  1,  page  395)  will  be  found 
some  information  which  we  will  complete  by  some  facts  borrowed  from 
the  Austrian  collection,  entitled  "  Mittheilungen  iiber  QegenstAnde  dee 
Artillerie,  und  Genie- Wesens^"  dwelling  chiefly  upon  the  details  of  ex- 
periments which  have  a  practical  ntility. 

Fabrioation. — ^The  first  rifled  mortar  of  8  ponces  constructed  in  Austria 
was  cast  on  a  core,  with  tlie  object  of  avoiding  the  spongj'  metal  which 
is  readily  produced  toward  the  center  of  large  pieces  cast  solid ;  aud, 
also,  because  it  was  hoped,  from  the  fact  that  charcoal  pig  strongly  de- 
carbnrates  by  fiision,  that  a  more  homogeneous  grain  would  be  obtained 
by  casting  under  a  less  thickness  of  metal.  Again,  in  a  piece  cast  solid, 
as  the  solidification  takes  place  ft«m  the  exterior,  the  interior  layers  are 
in  a  state  of  initial  tension,  whereus  it  is  more  advantageous,  from  the 
point  of  view  of  resistance  to  the  firing,  to  place  them  under  an  initial 
compression.    It  was  this  consideration  that  induced  Major  Hodman  to 

■  cast  his  large  pieces  upon  a  hollow  core,  cooled  by  a  current  of  water. 
The  AuRtrians  employed,  to  produce  the  cooling  of  the  core,  a  current  of 
air  generated  by  a  blowing  engine.  This  cooling  is  otherwise  necessary, 
indei>endently  of  all  consideration  upon  the  molecular  constitution  of 
the  cast  iron,  in  order  to  prevent  the  hollow  core  from  becoming  heated 
to  redness  and  bending. 

Tlie  mortar  was  cast  with  a  heavy  sinking-head  (about  3,000  kilos,). 
The  core  was  composed  (see  Figs.  10  and  11,  Plate  VIT')  of  a  tube  fluted 

■  on  the  exterior  surface,  upon  which  was  wound  a  fine  iron  wire,  thus 
leaving  a  series  of  longitudinal  canals  for  the  escai>e  of  the  gas  and  vapors 
from  the  exterior  of  the  core;  the  iron  wire  was  itself  surrounded  by  a 
light  rope,  upon  whicli  was  applied  a  layer  of  clay  mixed  with  horse  and 
cow  dung.  Tlie  lower  part  of  the  core  was  inserted  into  the  mold,  while 
the  upper  part  was  ft^e  to  dilate  in  a  cylinder  supportetl  by  the  cast- 
ing basin  above  tlie  mold.  The  jets  of  iron  were  directed  into  the 
molds  by  two  tubes.  The  basin  being  very  nearly  fllled  with  the  liquid 
metal,  and  the  current  of  air  permitt^  to  circulate  through  the  core,  the 
tubes  were  opened,  and  two  jet«  descended  vertically  into  the  mold  with- 
out touching  either  the  core  or  the  walls.  The  casting  proceede<l  without 
incident;  the  current  of  air  which  came  oat  of  the  core  was  inflamed  on 
leaving  it.  The  scoria  which  floated  upon  the  surface  of  the  cast  iron 
remained  liquid,  and  the  eddies  proilnced  by  the  jets  prevented  them 
from  t>ecoiniug  attached  either  to  the  core  or  to  the  mold. 

The  tomneratnre  of  the  current  of  air  (0,300  m.  cube  jier  second)  rose 
in  half  an  honr  after  casting  to  100°  centigrside;  and  in  an  hour  and  a 
half  it  attained  124=",  descending  after  9  hours  and  a  quarter  to  l«0o. 
The  current  was  then  shut  ofl'  and  the  intorior  examined,  bnt  as  after  20 
minutes  the  interior  was  shghtly  red,  the  current  was  tnmeil  on  again. 
-  (The  same  obser\'ations  were  lUiide  after  12, 15,  and  18  hours  and  a  halt'.) 
Finally,  after  24  honrs,  the  current  was  shut  off,  and  the  tube  ceased  to 
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become  red.  The  air,  n-hich  circulated  freely  throagh  the  core,  came  out 
after  M  hours,  at  the  tenii>eratm-e  of  13(P. 

According  to  the  calciilatious  of  Lieiit«uant-Colonel  Holececk  the  air 
corrent  had  absorbed  0.229  of  the  total  heat  of  the  metal 

Seventy-two  houraaftercastiiig  the  piece  wasremovedfrom  the  mold; 
it  vas  ascertained  that  the  rope  around  the  core  was  completely  con- 
sumed, which  was  probably  occasioned  by  the  accidental  i>euetJ%tion  of 
the  air  through  small  fissures. 

The  casting  of  the  piece  left  exposed  perfectly  clear  surfaces.  The 
proofs  of  resistance  upon  bars  of  the  cast  iron  taken  from  different  places 
(mve  resulta  very  uniform,  and  showed  that  the  resistance  of  the  metal 
obtained  by  the  process  of  casting  employed  was  as  great  as  in  some 
t>pe4;imens  taken  from  a  little  piece  cast  under  good  conditions. 

The  Piece. — The  Bevuc  d'Artillerie  (t^ime  1,  page  386  and  following) 
gives  for  the  plan  of  the  piece  some  figures  which  it  is  useless  to  repro- 
duce here,  We  will  recall  only  that  the  diameter  of  the  bore  is  209  m. 
m.;  the  length  of  the  rifleil  part  is  a  little  more  than  4  calibers;  the  30 
cniidform  grijoves  have  a  twist  of  1  turn  in  60  calibers. 

The  fermeture  is  that  of  the  Knipp  system — acylindro-prismaticcoin; 
the  coin  is  prolonged  by  a  lunette  for  the  paasage  of  the  charge. 

The  veut  was  originally  pierc«d  in  the  coin,  in  the  direction  of  the  axis 
of  the  bore ;  this  position  forced  areturu  to  the  ])osition  of  charging  when 
the  primer  missed  fire;  this  maneuver  caused  a  loss  of  time,  and  exposed 
lu  some  derangement  the  position  of  the  projectile.  More  recently  the 
vent  has  been  pierced  perpendicularly  to  the  axis,  and  a  copper  bushing 
employed. 

Obturator. — ^Different  obturators  have  been  tried  in  the  mortar  of  8 
ponees.  Tlie  first  was  a  Broa^lwell  ring,  but  it  did  not  expand  sufficiently ; 
a  re.siduum  of  powder  became  attached  to  its  exterior  sui:fHce,  and  it  was 
necessary  to  clean  it  at  each  shot,  as  without  this  precaution  it  move^l 
ont  of  its  recess,  prevented  the  coin  from  being  replaced,  and  scratched 
wme  furrows  ou  the  bearing  siuface  of  the  latter.  The  ring  was  then 
made  thinner,  but  the  obturation  remained  incomplete.  After  a  series 
of  trials,  an  obturator  of  tombac'  (white  copi>er)  was  a*lopted,  with  a 
hottom  of  i)a8teboard.  [Bodenkappe  aits  Pappendeckel.)  Figiu^  12,  Plate 
VII*,  represents  an  obturator  employed  in  Prussia,  with  the  Wahrendorfi" 
fermeture,  and  which  ought  to  bear  a  close  analogy  to  the  one  employed 
Tith  this  mortar. 

llie  edge  of  the  obturator  in  tombac  is  tiuned  up,  and  operates  in  fir- 
ing in  the  same  manner  as  that  with  a  pasteboard  bottom  employe<1  in 
IWsia  with  the  Wahrendortt'  fermeture.  The  pasteboard  bottom  is  set 
in  the  ring  of  tombac. 

To  procure  a  good  obturator,  it  is  requisite  that  the  rim  of  the  ring  be 
eoated  with  tallow.  The  best  obturators  of  this  system  have  been  able 
to  andergo  the  firing  of  from  fifty  to  one  hundred  shots.  Ou  an  average, 
f»ir  inferior  charges  of  3  kiloa.,  a  thin  ring  is  necessary  every  seventy 
nhots,  aud  a  bottom  every  ten  shots ;  for  large  charges,  a  strong  ring 
e\erj-  forty  shots,  and  a  bottom  every  five  shots. 

AmmMHition.—^l\\  the  exi>eriments  ordinary  cannon  powder  (powder 
A)  was  empk>yed,  both' for  the  firing  charge  and  for  the  interior  charge 
of  the  projectile. 

*  In  order  to  employ  tbia  obturator  in  tbu  first  mortur  experimenta,  the  rwras  of  tlie 
BitttdireU  ring  was  bored  cyliadricnll;,  nnd  a  Btt>cl  ring  set  in  place  by  prttHiiire ;  bul 
■be  Iktier  did  not  work  ■vi-W ;  it  n-Da  displaced  to  tUe  rear,  even  when  it  bud  been 
fa-tcned  by  four  screws,  obstructed  the  mancuveriiig  of  the  coin,  and  fluialied  by 
■  mitiui;  ttio  experimente. 
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The  cartridgea  are  centered  in  the  chamber  by  means  of  two  splints ; 
those  of  a  weight  inferior  to  0.738  kilo,  are  placed  in  a  wooden  sabot, 
which  is  composed  of  half  a  hollow  cylinder,  closed  at  the  rear  by  a  half- 
disk  of  board  one  ponce  thick ;  H{>on  this  disk  is  fastened  a  small  cir- 
cular hoard  which  flta  into  the  copper  gas-check.  This  sabot  a-ssures 
the  inflammation  of  the  small  charges  ajid  reduces  the  space  given  to 
the  expansion  of  the  gas. 

The  projectile  (Figure  13,  Plate  VII")  is  a  cylindro-ogival  shell  of  2J 
calibers  in  length ;  this  length  was  adopted  as  a  consequence  of  com- 
parative firings  with  shells  of  2  calibers  and  2^  calibers  in  length.  In 
the  bottom  is  a  tap  hole  closed  by  a  screw  plug  of  iron ;  the  thin  coat- 
ing of  lead  is  attached  by  the  chemical  process;  the  weight  of  tlie  sliell  in 
87  kilos.  It  should  be  remarked  that  this  shell  is  longer  and  beaiiei'  at 
the  point  than  the  Prussian  shell  of  the  same  caliber. 

Tiie  shells  were  furnished  for  the  first  easays  with  a  percussion  fuse  of 
reaction  analogous  to  the  well-known  Prussian  fuse.  The  safety-pin 
left  its  place  during  the  passage  of  the  shell  thrmigb  the  bore,  and  was 
piDclie<l  between  tlie  projectile  and  the  walls  of  the  bore,  and  left  some 
imprints  upon  the  latter ;  it  was  tlierefore  necessary  to  secure  these  pins 
more  firmly  by  means  of  wedges. 

Later,  an  effort  was  ma<le  to  obtain  fuses  which  should  not  burst  the 
projectile  until  it  had  completwl  it«  penetratiou.  After  some  fruitless 
attempts,  some  l\)ses  were  finally  obtained  which  gave  an  intenal  of 
from  0.1  sec.  to  0,23  sec.  between  the  shock  of  the  shell  and  its  exi)losion. 

Carriage. — The  first  esperimentaJ  niortar  was  mounted  upon  a  wooden 
carriage  (described  in  the  Revw,  Febniarj',  1873,  page  387),  which  by 
means  of  three  strong  screws  could  be  raised  sumeieutly  to  be  ]ilaced 
uiK>n  wheels ;  it  was  connected  then  to  a  siege  limber  by  means  of  a  pole. 
This  carriage  was  not  very  satisfactory ;  it  required  nearly  an  hour  to 
mount  it  upon  wheels  or  to  dismount  it  uxwn  the  platform ;  it  was  not 
possible  to  move  it  njion  the  latter  but  at  the  price  of  great  effort.  Two 
men  applied  at  the  pointing  apparatus  were  not  able  to  raise  the  piece 
from  an  angle  of  30^  to  that  of  10°,  the  angle  of  loading;  it  was  neces- 
sary to  apply  some  men  to  a  lever  introduced  into  the  bore  at  the  muzzle, 
and  to  allow  the  breech  to  repose  ui>on  another  lever  placed  across  the 
cheeks.  Finally,  under  an  angle  of  75*^  and  a  charge  of  4.6  kilos.,  the 
cheeks  were  broken ;  iron  supi>orts  for  the  trunnions  were  then  placed 
oa  top  of  the  cheeks. 

Later,  two  carriages  designed  to  be  moved  more  conveniently  upon 
the  platform  were  tried.  One  of  these  was  of  plate-iron  and  the  other 
of  wood,  both  having  the  same  form  as  the  primitive  carriage,  aud  fiir- 
nished  with  two  trunnion-supports  of  iron ;  each  was  provided  with  eight 
rollers  (four  for  the  longitudinal  movement  and  four  for  the  lateral) 
mounted  upon  eccentric  axes ;  the  carriage  was  raised  up  by  throwing 
the  eccentrics  into  gear,  the  axes  being  maintained  in  position  by  means 
of  keys;  the  movement  of  the  carriage  being  terminated,  the  rollers 
were  thrown  out  of  gear  and  the  carriage  lowered  upon  the  platform. 

The  original  apparatus  for  pointing  was  retained  for  the  new  carriages, 
but  in  onler  to  pass  easily  to  the  position  of  loading  a  toothed  arc  was 
attached  to  the  piece,  working  in  a  pinion  attached  to  the  carriage. 
Finally,  to  transport  these  carriages,  they  were  raised  by  means  of  screw- 
jacks,  and  an  axle  and  wheels  attached ;  afterward  they  wei'e  connected 
to  a  limber  by  means  of  a  cur\-ed  pole. 

At  the  end  of  a  small  numlwrof  shots  (118)  the  firing  on  the  wooden 
carriage  was  stopped,  because  the  rollers  no  longer  operated ;  the  front 


REFOKT  OF  THE  CniEF  OF  OBDNANCE  99 

transom  wa«  twisted  into  contact  ^th  the  platform  aod  tlie  carriage 
(liHlocated. 

The  carriage  of  plate-iron  sustained  C77  sliots  withont  injmy.  The 
^phic  representations  of  its  movement  during  the  firing  showed  a 
maximam  sinking  of  15  milUmeters  for  the  platform,  followed  by  an 
awension  of  30  millimeters  for  tlie  carriage. 

The  carriage  of  plate-iron  has  been  adopted.* 

Pmnting. — The  exterior  surface  of  tiie  mortar  carries  a  seat  for  the 
quadrant  and  a  lodgment  for  the  derivation  sight. 

Originally  the  direction  was  given  by  means  of  a  plnmb-line  running 
over  a  traverse  of  wood  placed  in  rear  of  the  carriage ;  but  the  Une  of 
wpht  being  very  short,  this  method  of  pointing  was  defective.  It  was 
iwrceived  that  in  bringing  the  carriage  against  some  reference  marks 
plared  upon  the  platform  the  shots  were  grouped  more  regularly ;  or 
ac'count  of  which,  it  was  decided  to  adopt  an  apparatus  analogous  to  the 
tipparatua /or  indirect  pointing,  which  was  applied  to  the  Prussian  siege 
carriages,  and  which  is  described  in  the  Jievue  ^Artillerie  (tome  3, 
paire  2).    {See  Appendix.) 

iVir. — Rring  charges  have  been  employed  varying  from  0.560  kilo,  to 
5.600  kilos.  Care  is  always  taken  to  assure  the  position  of  the  projectile 
in  its  chamber  by  means  of  the  ramrod,  in  order  that  it  shall  be  sufH- 
ripntly  engaged  in  the  rifled  part  not  to  fall  back  upon  the  charge  in 
pairing  to  the  position  of  fixing,  which  would  prove  a  source  of  irreg- 
nlaritj-  in  firing. 

It  was  obser^'ed  in  firing  witli  small  charges  that  the  axis  of  the  shell 
moved  tlirough  the  air  nearly  parallel  to  itself;  the  projectile  fell  upon 
its  base,  pivoted,  and  tamed  over  with  the  point  directed  toward  the 
piece.  This  effect  was  produced  under  an  angle  of  75°,  even  up  to  ranges 
of  l,.'iOO  meters.  It  was  clearly  seen,  iu  following  the  projectile  through 
the  air,  that  the  axis  inclined  progressively  toward  the  right.  In  pro- 
portion as  the  charges  were  increased  this  movement  of  the  axis  was 
less  sensible,  the  shell  fell  flat,  aftervrard  point  foremost,  pivoting  less 
and  less  at  its  point  of  fall.  (Aualogoas  results  were  observed  in  France 
in  the  experiments  of  1801.) 

For  the  minimum  charge,  0.728  kilo,  has  been  adopted.  With  this 
fiharge,  under  an  angle  of  65°,  the  axis  of  the  sheUlnclines  first  to  the 
left,  then  passes  to  the  right  after  the  point  of  culmiaation,  and  the  pro- 
jectile arrives  at  a  mean  range  of  380  meters,  with  its  axis  very  nearly 
horizontal.  Four  shells  fixed  under  these  conditions  have  burst  at  their 
point  of  (all. 

Experience  demonstrated  that  the  largest  charge  that  could  be  utilized 
with  the  particular  powder  employed  was  6.040  kilos.  Nevertheless, 
some  shots  were  fired  with  a  charge  of  5.600  kilos.,  and  an  extreme  range 
obtamed  of  4,512  meters,  under  an  angle  of  45°.  Under  this  angle,  five 
shells  were  driven  0.80  meter  into  the  earth  and  remained  there ;  ten 
others  plowed  a  furrow  of  2.60  meters  on  0.32  meter. 

The  smallest  angle  of  fire  adopted  was  20° ;  this  angle  being  taken  as 
the  limit  in  order  to  avoid  having  deep  embrasures,  and  because,  under 
Hinaller  angles,  siege  cannon  give  better  results,  and  with  less  trouble. 

For  small  charges  high  angles  should  be  employed ;  otherwise,  these 
charges  give  little  precision  of  fire;  in  this  case,  the  axis  of  the  shell 
describes  a  conical  surface  of  a  great  angle  about  the  tangent  to  the 
tr^ectory,  the  projectile  coming  to  the  ground  either  fiat  or  uiwn  its 
base. 

The  p^etrations  in  the  gravel  of  the  polygon  of  Steinfeld  did  not  ex- 
'See  Plate  VU''  for  model  of  fianiBge  flnallj  adopted. 
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ce»l  83  centimeters  (charge  5.040  kilos.,  anfrle  60°);  tbe  charged  pro- 
jectiles niiide  craters  of  2  meters  iu  diameter,  and  from  50  to  00  centi- 
meters deep  (oue-twelfth  of  the  fmgTuents  remaioing  in  the  crater). 

The  following  table  gives  the  results  obtained  in  firing  with  the  prin- 
cipal charges ;  the  numbers  contained  therein,  relative  to  the  accui-avy 
of  fire,  will  be  examined  farther  on. 
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BnrHting  of  shells  at  repose. — Two  shells  were  matle  to  bnrst  at  rest, 
which  bail  been  previously  fired  under  an  angle  of  CO^,  with  charges  of 
2.240  kilos.,  and  3.3<>0  kilos. 

The  shells  were  ])lac(Ml  upon  a  horizontal  block  of  wood  at  the  bottom 
of  the  bnrsting  jiits.  The  covering  for  the  pita  consisted  of  a  layer  of 
joists  of  S2  c,  m.,  connected  together  and  weighted — the  first  time  with  a 
cannon  of  1,850  kilos.,  and  the  second  time  witlt  a  copper  plate  of  the 
same  weight.  The  explosion  of  each  of  the  shells  bivke  the  joists  of  the 
interior  revetment,  overturned  the  covering  joists,  some  of  which  were 
liroken  and  pi'<:>jected  to  some  distance,  the  cannon  fell  to  the  botti>m  of 
the  pit,  and  some  of  the  fragmenta  of  the  sliells  were  thrown  outside ;  of 
the  fragments  that  remained  in  the  pit  some  were  forced  into  the  block 
of  wood  10  c.  m. 

The  following  table  gives  the  details  relative  to  these  explosions : 
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To  these  numt>er3  should  be  added  about  0.100  kilo,  of  dibrit. 

To  sum  up : 

For  the  first  shell,  70  fragments  recovered  (comprising  11  of  the  lead 
coating),  weights,  81.200  kilos. 

For  the  second  shell,  fifty  fragments  recovered  (compriaing  5  of  the 
lead  coating),  weight,  71.700  kiloa. 
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The  bottoms  remained  entire;  the  point  n-as  broken  into  four  or  five 
pieces. 

Effects  of  fire. — To  study  the  effects  of  the  fire  of  the  mortar  of  8  ponces, 
a  stmctnre  was  raised  upon  the  groimd  of  the  polygon  of  Steinfield, 
ffhich  is  represented  in  Fiat©  VIII,  a  and  6.  Two  shelters  were  formetl 
together  by  three  longitudinal  walls  (in  the  direction  of  the  Are)  0.95 
meters  thick,  and  by  a  front  wall  of  the  same  thickness;  the  two  shel- 
ttrs  were  10  meters  in  length,  the  width  of  one  being  6.30  meters  and 
of  the  other  4.10  meters.  Four  different  systems  of  coverings  were  ap- 
plie^l  to  these  shelters,  so  that  there  were  thus  foor  different  forms  of 
cai^mates  represented. 

Citemate  No.  1. — Covered  by  means  of  double  T-beams,  31  c,  m.  in 
height,  with  spaces  between  of  about  21  c.  m.  Upon  the  lower  flanges  on  ■ 
the  T  were  placed  curved  plates  of  plate  iron ;  the  interval  between  the 
rails  was  filled  with  biton,  which  covered  them  through  a  thickness  varj'- 
inefirom  32  c  m.  to  48  c.  m. 

Casemate  No.  3. — Covered  by  means  of  iron  rails  52  e.  m.  in  height, 
with'spaces  of  1.58  meters ;  between  them  were  brick  arches  of  48  c.  m. 
The  rails  rested  upon  two  other  rails.  ser\~ing  as  supjmrting  plates; 
upon  the  arches  were  laid  a  bed  of  b^on,  from  48  c.  m.  to  32  c.  m.  in 
thickness. 

Casemate  No.  2. — Same  covering  as  in  casemate  No.  1,  except  that  the 
rtiilg  were  not  so  strong  (26  c.  m.  in  height). 

For  these  three  casemates,  the  two  rails  that  ser\'e  as  plates  rested  on 
ofit«t8  that  projected  from  the  longitudinal  walls  (32  c.  m.  in  width). 

Casemate  No.  4. — Covered  with  joists  of  32  c.  m.  by  42.6 ;  hearing  upon 
plates  disfKised  upon  ofif^ts  above  the  joists  were  two  tiers  of  sau^nssona 
crossed. 

Tlie  minimnm  thickness  of  the  layer  of  earth  that  covered  the  entire 
shelter  was  1.90  meters, 

Besides  the  casemates  Nos.  1  and  3,  a  battery  powder  magazine  was 
eoDstructeicl,  the  roof  of  which  was  formed  of  joists  of  21  c.  m.  by  21,  sup- 
ported by  posts  26  c.  m.  by  26,  and  covered  by  tvo  layers  of  sattcisaona 
ero-ssed,  and  1.30  m,  of  earth. 

The  total  surface  occupied  by  the  group  was  about  17  meters  in  tlie 
direction  of  the  Are,  and  28.50  meters  in  width.  The  superfices  occupied 
by  the  casemates  iu  tlie  clear  was  11.00  meters  by  13.90  meters. 

One  hundred  and  forty-nine  shots  were  firetl,  in  1870,  upon  this  shelter ; 
31  shells  (15  p.  ct.  about)  hit  the  group,  9  of  which  stnick  the  slopes. 
Of  these  21  shells  8  were  ballasted  but  not  charged ;  the  13  others  were 
charged. 

The  shells  not  cbarged,  fired  under  an  atfgle  of  60°  and  at  a  distance 
of  2,380  meters,  penetrated  the  covering  of  earth  &om  1.75  meters  to 
l>fi  meters. 

The  first  shells  charged  were  armed  with  instantaneous  fhses,  and 
produced  craters  of  about  3  meters  in  diameter  by  95  c.  m  in  depth ; 
under  the  action  of  these  shots,  the  registering  apparatus,  placed  under 
the  ceilings  of  the  casemates,  showed  an  oscillation  of  (torn.  4  to  d  milli- 
nietcrs  for  the  lower  surfaces  of  the  arches,  and  of  2  millimetors  for  the 
tails ;  the  largest  permanent  deformations  did  not  exceed  6  millimeters. 

The  feebleness  of  these  effects  was  attrihutod  to  the  fact  that  the  ex- 
ploHJon  of  the  shell  took  place  at  the  moment  of  the  shock,  and  ext>eri- 
ments  were  accordingly  made  with  the  object  of  rendering  the  action  of 
the  fose  so  slow  that  the  explosion  should  not  he  ])rodueed  till  after  the 
"hell  had  attained  its  penetration.  After  some  trials,  satisfactory'  resulttt 
were  obtained,  and  the  shells  were  armed  with  slow  fuses. 

.oogle 
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A  Bhell  (N'o.  16  of  the  sketch)  produced  upoii  casemate  No.  1  a  crater 
of  4.20  meters  in  diameter,  \rhicti  was  almost  completely  filled  up  again 
by  the  falling  brick  of  the  earth ;  two  of  tlie  iron  r^s  were  broken, 
and  six  of  the  curved  plates ;  and  a  crack  15  c.  m.  wide  was  produced  in 
the  ceiling.  Another  shell  (No.  19)  having  attained  the  ceiling  of  case- 
mate No.  1,  where  it  joined  casemate  No.  3,  produced  a  crater  of  4.75 
meters  in  diameter  by  0.35  meters  in  depth,  with  the  sinking  of  a  part 
of  the  first  arch  of  brick  casemate  No.  3 ;  the  rails  which  served  as  plates 
wei-e  forced  into  the  partition  wall  of  tJie  casemates,  causing  a  jKirtion 
to  fall  down.  The  sinking  of  the  arch  extended  very  nearly  to  the  axis 
of  the  casemate.     (For  details  see  cuts  a',  b',  yz  and  vx,  Plate  VII  '■'',) 

The  superiority  of  the  effect  of  shells  with  slow  fiises  was  thus  well 
established.  The  inten-al  between  the  shock  and  the  explosion  of  the 
shell  varied  from  0.32  second  to  1.47  seconds.  The  little  powder  maga- 
zine was  struck  by  a  shell  not  charged  (No.  10),  which  traversed  com- 
pletely the  covering,  displaced  a  post  15  e.  m.  square,  split  it,  traversed 
the  flooring  joists,  and  buried  it«elf  32  c.  m.  in  the  ground. 

The  following  table  gives  the  results  of  fire  of  the  21  shells  which  struck 
the  group  of  casemates.  {On  Plate  VIII  the  points  of  foil  of  the  loaded 
shells  are  marked  by  little  circles.) 
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In  summing  up  these  effects  it  will  be  seen  that  it  is  possible  witli  the 
mortar  of  8  ponces,  fired  under  an  angle  of  00^  at  a  range  of  2,500  meters, 
.to  group  a  considerable  number  of  sliots  upon  a  restricted  surface,  ami 
that  under  these  conditions  of  fire  the  effects  are  very  formidable  upou 
casemate  covers,  the  ceilings  of  which  have  1  meter  of  thickness  of  brick 
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aiMl  b^ton,  covered  over  witli  2  meters  of  earth ;  the  cross  traverses  of 
our  fortiflcatioDs  would  uot  resist  this  fire. 

The  exi>eriiueDts  at  Steiiifeld  teach  us  nothing  as  to  the  effects  of  the 
iiie  at^iust  arches  of  masonry,  similar  to  those  of  our  givat  jmwder- 
magazuies ;  it  is  probable  that  these  arches  would  resist  isolated  shots, 
bat  would  be  too  feeble  to  sustain  the  effect  of  a  number  of  shotu  luckily 
groupecL  Again,  upon  hutts  presenting  such  large  surfaces  as  tlte.se 
mag^ines,  the  firing  would  take  place  at  a  greater  distance,  by  which 
more  jiowerful  efi'eets  would  be  obtained.  The  table  of  the  results  of  the 
firing  teaches,  in  fact,  that  under  an  angle  of  (W^,  and  at  3,500  meters, 
the  rectangle  circumsciibed'  by  25  per  cent,  of  the  shots  has  for  its  di- 
menfiioos  about  30  meters  by  i  meters,  and  finally,  under  an  angle  of 
45=),  aud  at  a  range  of  4,500  meters,  25  iter  cent,  of  the  shots  would  fall 
m  a  rectangle  of  42.5  meters  by  3.2.'>  meters. 

The  Austrians  have  concluded  from  their  exi>erimeuts  that  the  arches 
ought  to  be  covered  with  not  less  tlian  2.50  meters  of  earth,  and  that 
the  craters  ou^ht  to  he  filled  up  with  care.  Tliey  are  equally  of  the 
opinion  that  blindages  with  iron  posts  and  rails  are  not  of  a  great  deal 
of  value ;  that  blindages  of  rails  especially  are  oidy  capable  of  resistance 
¥hen  forme<l  of  rails  little  strained,  joined,  well  supported  against  pieces 
of  wood,  with  a  maximum  span  of  2.50  meters,  and  covered  with  at  least 
-JO  meters  of  earth. 

Degradations  of  the  piece. — We  shall  terminate  this  study  of  the  mortar 
of  S  peaces  by  showing  the  manner  in  which  the  i>iece  has  sustained  the 
rffect  of  long-continued  firing. 

A  mortar  having  received  the  different  modifications,  details  of  which 
have  been  described,  was  fired  691  shots,  460  of  which  were  with  large 
chaises  of  6  livres  (3.3G0  kilos.);  the  degradations  ascertained  were  as 
follows: 

The  rifling  showed  the  imprint  of  the  shocks  of  the  iUse-pina,  which 
were  detached  at  first  (tliis  defect  was  remedied  during  the  experiments). 
Apart  from  that  the  edges  were  very  little  worn,  and  no  traces  were 
(Tsihie,  either  of  leading  or  of  degradation  from  the  gas.  In  the  unrifled 
portion  some  porosities  were  detected,  and  some  iurrows  in  which  a 
Brest  many  small  cavities  were  recognized,  the  greatest  of  which  had  a 
■liameter  of  4  m.  m.  aud  a  depth  of  1  m.  m.  The  recess  of  the  obturator 
»a,s  perfectly  even. 

The  enlargement  of  the  rifled  part  of  the  bore  was  0.18  m.  m. ;  that  of 
the  mirifletl  part  varied  from  0.55  m.  m.  to  0.18  hl  m.  in  proceeding  from 
the  ipcess  of  the  ring  to  the  conical  junction. 

The  end  of  the  vent-bush  was  disjointed  on  the  interior  by  a  width 
of  Urn*  ra.,  but  was  well  united  on  the  exterior;  the  diameter  on  the 
exterior  was  9,5  m.  m. ;  on  the  interior  13.2  m,  m. 

Tlie  supporting  plate  of  the  ring  carrie<l  by  the  coin  showed  some 
scoring.    The  system  of  fennetnre  was  well  preserved  in  all  its  parts. 

Upon  the  whole,  the  degradations  were  of  little  importance ;  the  most 
eeiiuns  was  that  of  the  vent. 

5.  AUSTBIAN  BIFLED  MORTAR  OF  CJ  POUCES  (182  M.  M.) 
The  excellent  re«alts  obtained  with  the  mortar  of  8  ponces  induced 
the  Aostrians  to  construct  another  on  the  same  system,  but  of  a  less 
caliber,  for  the  purpose  of  firing  against  shelters  less  resistant. 

The  weight  of  the  loaded  shell  for  this  piece  is  about  33.5  kilos. ;  that 
cf  the  interior  charge,  3.130  kilos.  A  carriage  was  also  pro\-ided,  w^hich 
allowed  of  firing  under  small  angles.  Some  experiments  have  been 
niade  with  incendiary  shells,  the  results  of  which  are  mikuowiitous;  but 
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the  experiinente  with  illumined  projectiles  (light^balls)  have  been  suc- 


Tlic  following  table  gives  some  of  the  results  of  the  firing  with  this 
mortar,  the  accuracy  of  which  is  remarkable. 

Fire  of  the  Jiiglrian  nwrtor  of  G^  poueei  (162  m.  n.). 
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K^SUMfi  AND  CONCLUSIONS. 

Comparison  of  the  different  pieces  examined^ 

It  appears  ft^m  the  preceiling  examination  that  the  iirincipal  European 

artilleries  hare  pro<liiee<l  rifled  howitzers  and  mortars  throwing  «hell« 

of  80  kilo.s.  with  snfticieut  accuracy  to  render  them  formidable  to  covered 

arches  or  blinds,  such  as  exint  at  the  present. 

Following  are  some  elements  for  a  comparison  of  these  different  pieces ; 
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It  Till  be  seen  &om  this  table  tbat  the  French  howitzer  and  the  Aus- 
trian mortar  of  8  po.  pennit  of  the  attainment  of  the  greatest  ranges, 
but  also  that  their  weights  are  very  consit^erable ;  tlie  Austrian  mortar, 
]iarticularly,  ajtpears  to  have  an  exaggerated  weiglit  relatively  to  the 
effects  attainable  with  it  |  it  is  possible  by  the  system  of  banding  to  reduce 
this  weight,  say,  at  least,  800  kilos.,  auij  to  give  the  piece  a  greater  length 
of  bore,  which  would  permit  the  use  of  larger  charges  and  of  a  more 
progres«ve  powder,  by  means  of  Thich  ranges  of  5,000  meters  should  be 
obtained. 

In  order  to  compare  the  accuracy  of  fire,  we  have  calculated  the  ratios 
of  R  and  p  of  the  mean  deviations,  longitudinal  and  lateral,  to  the  ranges. 
The  following  table  indicates  the  limits  between  which  these  ratios  varj' 
for  tlie  different  angles  of  fire,  in  proportion  as  the  ranges  increase : 
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It  will  be  seen,  from  a  study  of  the  figures  in'this  table,  that  the  French 
hovitzer  has  above  alia  notable  inferiority  in  point  of  accuracy  of  range. 
Die  PruHSian  mortar  (as  far  as  we  axe  able  to  judge  from  the  Umited 
information  at  our  disposal)  has  a  sensible  superiority  over  the  Austrian 
mortar  in  point  of  accuracy  of  range;  but  the  accuracy  in  direction  of 
the  Austrian  mortar  is  very  much  greater  than  the  Prussian.  This  latter 
fact  would  tend  to  prove  that  the  Pnissians,  notwithstanding  the  modi- 
fications successfully  introduced  in  the  plan  of  their  shell,  have  not  yet 
Bacceede*!  in  gi\-ing  to  it  a  stability  upon  its  trajectorj-  comparable  to 
that  of  the  Austrian  shell.  In  respect  to  this,  however,  it  should  l)e 
observed  that  the  inclination  of  the  rifling  in  the  Prussian  mortar  is  7°, 
iFhile  in  the  Austrian  mortar  the  inclination  is  only  3°;  it  is  generally 
admitted  in  France  that  the  inclination  of  the  rifling  for  large  pieces 
should  but  little  exceed  4°.  .   ' 

In  respect  to  the  effects  of  fire,  the  difference  of  weights  of  projectiles 
thrown  by  the  pieces  examined  is  too  small  to  give  rise  to  the  supposition 
that  there  would  be  any  appreciable  difference  in  the  effects  of  penetra- 
tion for  the  same  angles  of  fire  and  the  same  ranges;  in  point  of  the 
fffecta  of  explosion,  the  English  shell,  owing  to  its  greater  bursting 
charge,  ought  to  be  the  most  powerful. 

CrmclvMows. — From  what  precedes  it  is  to  be  concluded  that  the  French 
howitier,  which  was  remarkable  enough  at  the  time  of  its  adoption,  has 
not  to-day  a  snfBciently  accurate  fire  to  warrant  its  introduction  into 
Biege-trains;  for  the  armament  of  places,  and  the  pro^-isional  armament 
of  eoast-hatteries,  it  may  possibly  do  good  ser\-ioe,  because,  in  these  two 
cases,  the  effects  of  isolated  shots  may  be  very  formidable,  notwithstand- 
ing that,  in  order  to  obtain  serious  effects  against  the  very  solidly  con- 
structed shelters  of  a  place,  It  is  necessary  to  group  the  shots  upon  a 
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smnll  surface ;  the  preceding  experiments  which  we  have  detailed  ehav, 
in  tact,  that  we  cannot  coniit  on  verj-  complete  results  against  shelterx 
solidly  constructed,  if  we  are  not  able  to  remove  by  the  explosion  of 
some  of  the  shells  the  mattresses  of  earth  which  cover  the  arches. 

BTUDT  OP  X  KIPLSD  HOBTAB  OP  21  C.  K. 

It  18  fitting,  then,  in  France,  to  take  into  consideration  the  constmction 
of  a  rifled  howitzer  or  mortar  of  21  c.  m.,  of  ofist  iron,  banded,  or  of 
bronze,  throwing  a  shell  of  abont  80  kilos,  weight  with  an  interior  charge 
of  5  kilos.,  as  near  as  may  be  possible.  This  piece  should  weigh  about 
3,.5<IO  kilo8.  The  rifled  portion  of  the  bore  should  be  5  calibers  in  lengtli, 
and  the  piece  be  loaded  by  the  breech,  in  order  to  give  the  Hhell  siilli- 
cient  stability  upou  its  trajectorj-,  whicli  can  only  be  obtained  in  a  short 
piec«  by  exact  centering  of  the  projectile,  an  end  much  less  difficnit  to 
obtain  in  a  cauuon  loaded  by  the  breech  than  in  one  loaded  hy  the 
muzzle. 

With  the  length  of  bore  indicated,  a  firing-charge  of  6  kilos.  conl<l 
probably  be  utilized,  and  of  a  powder  of  suflicient  high  density,  with 
me^Humsized  grains,  to  give  promise  of  ranges  exceeding  5,000  jneterx. 

The  twist  of  the  24  cuneiform  grooves  should  be  about  1  turn  in  30  cali- 
bers. 

As  to  the  system  of  fermetnre,  the  cylindro-priematic  coin  would  be 
moat  advantageously  employed.* 

Tlieobtimitorshouldbeof  copi>erorof  brass;  it  would  be  well,  if  pre- 
cise information  could  be  obtained,  to  make  a  trial  of  the  Austrian  obtu- 
rator, which  appears  to  have  given  the  best  results. 

In  employing  cast  iron  for  the  fabrication  of  the  piece  the  shells  conld 
be  fitted  with  bands  of  copper  or  of  zinc:  if  bronze  should  be  employed, 
the  bands  should  be  of  lead;  the  plan  of  tbe  chamber  for  the  projectile 
adoptetl  for  the  cannon  of  the  marine  (mod.  18701  would  be  well  suited 
to  either  of  these  two  systems  of  banding  projectiles. 

To  communicate  fire  to  the  bursting  charge  of  the  projectile  a  fuse  of 
double  reaction  should  be  employed,  such  as  has  been  pre^-iously  de- 
scribed for  the  shell  of  22  c.  m. ;  it  would,  however,  be  necessarj-  to  de\'i8e 
some  modification,  by  which  the  explosiou  of  the  shell  should  not  take 
place  until  its  peuetration  was  completed;  tliis  result  would  probably 
be  attained  by  charging  the  primer  of  the  percussion  apparatus  with 
composition,  or  with  priming  powder  instead  of  sporting  powder. 

Finally,  it  would  be  necessary  to  study  the  possibility  of  firing  a  pro- 
jectile with  a  solid  head  of  chilled  iron,  especially  designed  to  pierce  the 
coverings  of  armored  cupolas  and  the  decks  of  iron-clad  slups. 

The  carriage  for  the  howitzer  should  be  of  plate-iron,  of  a  f()rm  similar 
to  those  of  the  marine,  with  axle-brackets  canyiDg  to  1.60  m.  the  height  ot 
the  axis  of  the  trunnions,  in  such  manner  as  to  permit  of  firing  under 
the  greatest  angle.  The  piece  ha\Tng  a  verj'  slight  breech  preponde- 
rance with  the  projectile  in  place,  a  controlling  lever  would  suffice  to 
hold  it  in  all  positions.  The  supports  for  the  trunnions  should  be  of 
bronze,  similar  to  those  of  the  siege-carriage  of  24  c.  m.  The  movenient>* 
of  the  carriage  upou  its  platform  would  be  fecilitatcd  by  the  employment 
of  eccentric  rollers,  ujMjn  sleeves  solidly  attached.  To  give  the  direction 
to  the  fire,  it  would  be  necessary  to  flmiish  the  carriage  with  an  api>ara- 
tus  for  indirect  pointing,  similar  to  that  of  the  Fmssiau  siege-carriag4.\-i 
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(Brrue,  tome  III,  p.  2).  The  total  weight  of  the  carriage  would  be  2,500 
kilos. 

A  carriage  of  this  kind  would  only  permit  of  firing  under  great  angles ; 
if  it  is  dcaircd  to  employ  the  howitzer  in  direct  fire,  it  would  be  necessarj- 
to  adopt  a  carriage  admitting  of  a  greater  height  of  genouill^re,  such  as 
that  of  the  ItaUan  siege  howitzer,  described  in  the  article  of  Captain 
Mauceron  (January,  1873,  page  311).  The  fire  under  small  angles  is, 
however,  of  a  donbtftil  utility  for  a  piece  of  this  kind. 

It  woidd  hardly  be  practicable  to  trausjKirt  such  a  piece  upon  its  car- 
riage; it  would  seem  preferable  to  transport  the  piece  and  its  carriage 
separately,  each  uimn  a  platform  wagon.  "With  the  trench-gin  the  piece 
cwiild  then  be  mounted,  in  the  battery  itself,  uiwa  a  carriage  of  tlie 
model  indicated.  The  platform  ought  to  be  very  solid;  it  should  be 
formed  of  4  strong  sleepers  suxipoiting  a  flooring  of  joists  2.00  m.  in 
length  and  22  c.  m.  square. 


APPENDIX. 

The  apparatus  for  indirect  pointing  employed  by  the  Prussians  in  the 
Rieges  of  the  war  of  1870-1871  is  thus  described  in  the  Bevue  (tome  III, 
page  2): 


of  braas.  TMien  the  frame  is  lowered,  the  gradaated  plate  teaches  the  platform ;  but 
vheD  not  ivquired  for  nee  it  ia  raiwid  tip  aad  aocured  liy  bookiiiK  it  to  sums  rings  on 
ttw  ander  side  of  the  chceka.  Sd,  of  a  plate  similar  iu  fonn  aud  pwliintiDn  to  the  oue 
»U*ady  nieution«l,  whith  ia  attachai  to  tho  butt-eud  of  the  trail ;  when  the  latltT  is 
IniTfrwi,  tliia  plate,  like  the  oMiur  comes  in  cimtact  with  the  platform.  The  plate 
Innia  uu  a  biii)^,  and  may  be  raiseil  up  aud  fuitti/ned  to  a  epriug-hook  ou  the  rvor  tran- 

In  lining  this  apparatnfl  it  i a  operated  aa  followa:  The  flre  being  once  suitably  ad- 
jnMcd  by  means  of  direct  ubaerA'ationa,  the  dilTereuce  which  exists  Ix'twecn  the  grwlua- 
tiuiin  of  the  two  platee  in  uoted,  the  reu<IiugB  being  made  from  the  zero  to  the  directrix, 
A.  B.  tTHTvd  upon  the  platfiiim. 

la  all  the  firing  that  folluwa  it  snBlces,  in  order  to  point  the  piece,  to  read  the  grad- 
uation of  thH  Unit  plate  that  coincides  with  the  directrix,  and  then  to  shift  the  trail  to 
the  Tight  or  left  uutil  the  diSerence  between  the  graduations  of  the  plates  shall  be 
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e<[na,\  <n  thnt  nripnally  aotML  Tlir  Kradiiatioii  of  the  plalr  is  ■rbiiiary.  Id  tb«Frn<t- 
Bian  artilU-ry  the  principal  iliTiaions  are  40  m.  m.  apart,  and  tbeee  iDtcrrala  aabdivided 
JDlo  10  equal  palta. 

These  gradnated  scales  pennit  of  maintaining  vitb  great  exaptnetw, 
and  vithoat  renewed  pointing,  a  line  of  sight  once  established,  which  io 
of  t^e  greatest  importance  in  firing  at  an  ohject  concealed  from  the 
view ;  they  al»o  permit  of  rarcing,  Uterally,  the  point  of  f^ll  for  all  dis- 
tances, by  displacing  horizontally  the  point  of  de|)artnTe  of  the  line  of 
sight,  an  operation  required  in  breeching  masonry,  for  making  the  hori- 
zontal cat. 

This  method  of  pointing  was  employed  by  the  Pmssians  with  great 
mccess  at  the  siege  of  StrastNiarg,  in  batteries  without  embiaHnjes,  for 
breeching  w^ls  of  masoniy  by  a  plunging  fire. 
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APPEXDIX  X. 

r  FIRST   LIEUI 
ttTMENT,  UNITE 

{One  plate.) 

Feaotcpoed  Ahsekal, 

May  18, 1878. 

I  have  for  some  time  thought  that  the  present  manDer  of  mea8uriu(c 
tlie  recoils  of  small-arms  was  susceptible  of  some  imptovemeut,  by  n-bivli 
the  great  tUffereuces  of  record,  due  solely  to  changes  of  djiiamometer, 
(.■wild  be  eliminated  and  really  consistent  indications  obtained. 

As  a  case  in  poiut  I  need  only  cite  the  pamphlet  on  small-anns  in  the 
rnited  States  Ber\ice,  9i>ringfield,  1875,  where  the  recoil  of  the  rifle  in 
piven  at  174  pounds.  In  the  Report  of  the  Chief  of  Ordnance,  1873,  p. 
403,  it  is  given  at  123.6  pouiuls,  and  in  the  dynamometer  at  pret!ent 
emiiloyed  it  is  placed  at  about  05  poimds,  about  one-half  that  fli-st  cited. 

These  differences,  dne  simply  to  the  use  of  springs  of  different  etifl- 
nesa  for  meaauring  the  same  effect,  are  so  contradictory  that  one  can 
hanlly  be  surpriseil  at  the  amount  of  dlscnssion  they  have  led  to,  nota- 
h!y  in  the  case  of  Cai>tain  O'lleawith  the  British  war  ofilce  on  the  sub- 
ject of  mnzzle  rifling.  (See  Proceedings  of  the  United  Ser\ice  Institu- 
tion, 1874  or  1875.J 

With  this  idea  in  view  it  occurred  to  me  in  1875  to  abolish  all  differ- 
fnces  due  to  the  variations  in  the  springs  usually  employed,  by  dispens- 
ing with  them  altogether,  substituting  for  them  a  material  of  universally 
luiifurm  resistance,  such  as  copper  or  lead,  and  measuring  the  recoil  by 
means  of  a  cut  made  in  the  material  by  a  Kodman  knife  interposed 
l)etween  the  metal  and  the  bnttof  the  gun^  in  the  manner  shown  in  Fi^. 
-.  The  apparatus  was  slipped  into  the  spnng-holder  shown  hi  Ordnance 
N'ote  X\XI.  The  spring  dynamometer  therein  described  was  used  in 
i-oiu|)arison  with  it. 

fl  ith  the  senice  rifle  and  ammunition  cuts  were  obtained  correepond- 
ine  to  a  pressure  of  about  1,900  pounds. 

Sow,  according  t«  the  generally  received  metho<l  of  expressing  the 
''recoil"  statically,  this  measure  of  1,900  pounds  Is  as  tmthl\il  a  one  as 
tliat  of  one  174, 123.6,  or  95  pounds,  obtaiued  by  detcmiiuiug  the  "  dead 
Weight"  necessary  to  compress  the  dynamometer  sjmug  to  the  sauie 
cxteut  as  that  due  to  the  recoil  of  the  gnu.  This  euormous  and  insu]*- 
|M)rtable  weight,  fiiirly  deduced  from  the  prevailiiig  tbeorj,  shows  its 
absnrdity. 

I  have  since  thought  of  a  hypothesis  by  which  these  data  may  be 
reconciled,  and  which  may  be  thus  aimonnced : 

The  gnn  in  recoiling  against  any  known  dynamometer  mores,  and 
hence  acquires  '*  rta  vira,^  the  measure  for  which  shoidd  be  in  dynamical 
"iiits,  representing  the  work  the  gun  performs  by  its  inertia.  Prefer- 
Hbly  this  should  all  be  expended  .on  the  dj'namometer,  where  it  can  Ih^ 
recorded :  Imt,  practically,  pprt  of  It  is  expended  on  the  gun  itself  by  its 
change  of  form  in  conde<iuence  of  the  resistance  of  the  il^iiamometer. 
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Generally  speakinfj,  the  stiffer  the  dynamometer  Bpring  the  more  will  the 
gun-stock,  mechanism,  &c.,  be  diatorted  and  heated  by  the  blow. 

Hence,  to  record  the  ftill  effect  of  the  recoil,  the  gun  should  be  aa  in- 
compressible and  the  dynamometer  as  flexible  as  possible. 

Except  for  convenience,  it  should  be  disposed  with  as  a  material  ob- 
stacle, and  the  guu  be  ma<le  to  lift  its  own  weight,  as  in  the  giiii-pendu- 
lum. 

In  other  words,  no  recoil  dynamometer  is  neceasarj',  since  all  the  in- 
formation it  imparts  can  be  deduced  from  the  initial  velocity  of  the 
bullet,  its  mass,  and  that  of  the  gun. 

Should  a  dynamometer  with  a  spring  be  used,  the  scale-stem  should 
be  graduated  in  foot-pounda  expressing  the  work  done  in  compressing 
the  spring  to  different  degrees.  To  graduate  it  in  pounds  is  as  incorrect 
as  to  graduate  it  in  inches  and  to  express  the  recoil  in  terms  of  a  fout. 
For,  with  the  same  sjiring,  inches  and  pounds  are  convertible ;  and  the 
prevailing  theory  requires  that  the  same  or  equal  springs  shall  be  useA. 
To  show  what  errors  this  may  lead  one  into,  I  need  only  recall  the  fact 
that,  owiiig  to  the  difference  in  the  temper  of  the  spring  of  the  dyna- 
mometer recently  made  here  for  the  National  Armorj-,  it  was  found 
necessary,  by  agreement  with  Colonel  Benton,  to  falsify  the  scale  of 
pressures  so  as  to  obtain  similar  niunerical  residts  here  and  at  that  post 

If  the  d>Tianuc  theory  be  adopted  how  simple  it  all  becomes. 

Supposing  that  in  the  spring  the  resistance  varies  directly  with  the 
degree  of  eomj)ression — which  is  practically  tme — the  quantity  of  wort 
re<iuired  to  compress  the  spring  to  any  degree  is  given  by  the  formula 

Q  =  C-J  (1) 

Bartlett,  p.  39,  edition  1858.  In  which  C  denotes  the  resistance  of  the 
spring  when  com]>reaaed  through  a  distance  unity,  and  a  denotes  the 
obaen-ed  degree  of  compression. 

Owing  to  the  relation  between  the  resistance  and  compression  the 
curve  connecting  the  resistance  with  the  path  is  a  straight  line,  in- 
clined to  the  axis  on  wliich  the  compressions  are  laid  off  at  an  angle 
whose  tangent  =  C.    See  Fig.  1. 

The  area  included  between  this  line,  the  axis  of  nbRcissas,  and  the  or- 
dinate at  any  jtoint  on  that  axis,  measures  the  work  done  in  compressing 
the  spring  to  that  point. 

For  example :  let  C  =  32  pounds  and  a  =  3  inches ;  then  &om  the 
triangle 

Q  =  1  (96  X  3)  =  ^  =  144  inches-pounds  =  12  foot-pounds. 

Or  from  the  formula  Q  =  C  ^,  Q  =  32^  =  144  inch-pounds  =  13  foot- 
}>ounds.  -^  ■^ 

Then,  if  the  quantity  of  motion  given  to  the  gtin  by  the  force  im- 
pressing an  equal  quantity  of  motion  on  the  bullet  imparts  to  it  a 
velocity  of  recoil  capable  of  developing  aliving  force  =  24  foot-pounds  = 
2  Q,  the  spring  will  be  compressed  either  3  inches,  or  to  the  96-poimA 
marh.  according  to  tlie  graduation  adopted. 

This  is  supposing  that  there  is  no  loss  of  effective  work  due  to  the  dis- 
tortion of  the  gun,  &c.,  and  that  there  is  no  initial  tension. 

Suppose  that  there  is  an  initial  tension  to  tlie  50-pound  vtarJc,  the 
spring  is  compressed  to  that  extent  by  hand  before  the  gun  is  fired,  i.  e., 
so  much  of  its  work  is  done  for  it  beforehand.  Does  this  relieve  it  of  its 
task  f    By  no  means.    So  to  speak,  it  merely  transfers  the  bench-mark 
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to  a  higher  level,  and  the  area  expressing  tlie  work  of  the  recoil  liecomes 
traiiezoidal  instead  of  triangular;  consequently,  the  greater  the  initial 
tension  the  less  distance  vill  the  slide  move  along  the  scale-stem  for  the 
«ame  recoil,  but  the  work  its  movement  covers  will  be  the  same.  The 
recoil  which  with  no  initial  tension  mo^icd  the  slide  from  0 — '.i  will  now 
odIv  more  it  from  dtoa  point  e,  sotafaenthattheareaS  ej7/=  triangle 
Ildhj0r(i3f=degh. 

It  18  consequently  impossible  theoretically  to  get  the  tension  so  high 
as  to  prevent  any  movement  whatever  of  the  slide ;  practically  ro,  too, 
tiutil  the  resistance  becomea  practically  infinitely  greater  than  that  of 
the  gun-stock  to  distortion. 

To  prove  this,  I  fired  a  rifle  with  20  grains  of  powder  and  one  service 
bullet  against  an  initial  tension  of  fifty  ]Kiiiuds. 

Inasmuch  as  the  accepted  measure  of  the  recoil  ^ith  70  grains  is  95 
ponuds,  this  charge  should  give  a  result  about  ^  as  much,  or  say  30 
))Ounds-— far  within  the  limitsof  the  iiutial  tension.  Consequently,  under 
die  existing  theory  there  should  be  no  recoil  indicated. 

On  trial,  however,  I  obtained  recoils  flxtm  5C — 62  pounds,  eorrespond- 
iug  to  conipressious  0".215 — 0".365. 

With  the  same  charge,  and  with  the  spring  set  at  an  initial  tension 
nf  90  pounds,  three  times  the  estimated  pressure  of  the  recoil,  I  obtaineil 
a  recoil  measured  by  the  scale  of  i>5  pounds,  compression  0".108. 

The  success  of  the  experiment  led  me  to  carry  it  further  by  firing  with 
10  grains  of  powder  against  initial  tensions  of  50  and  90  [wunds. 

The  recorded  recoils  were  respectively  62  and  91  pounds,  measuring 
atxiut  0".07  and  0".0o  compreasions. 

The  value  of  these  recoils  computed  dynamically  are,  for  the  20-grain 
at  jIO  and  90  pounds  tensions,  re8i)ectively,  1.208  and  1,347  foot-ponuds. 

For  the  XO-grain  charge  the  values  are  O^IO  and  0.394  foot-iM)mid. 
Tlie  correepooding  velocities  were,  too  low  to  be  conveniently  taken. 

These  values  and  those  hereafter  given  are  only  approximate,  owing 
to  the  (Ufficulty  of  measuring  the  small  degrees  of  compression  without 
Kfiecial  instnuneuta.  They  serve,  however,  to  illustrate  the  principle 
involvHl. 

miich  method  is  the  more  rational — a  mode  of  measurement  which 
for  the  same  gun  and  cartridge  gives  the  same  or  nearly  the  same  result, 
whate%'er  the  accidental  peculiarities  of  the  spring  may  be,  and  which 
gives  results  reasonably  comparable  with  each  oBier,  when  the  condi- 
tions differ;  or  a  system  which,  taking  no  heed  of  initial  tension  estra- 
neonsly  produced,  gives  for  precisely  the  same  recoil  a  measured  pres- 
ixre  of  either  95  or  115  pounds,  according  to  the  initial  tension  which 
may  have  be  eiiselected  {see  Table  I,  post),  and  which  may  be  so  arranged 
as  to  give  for  20  grains  of  powder  the  sa,me  pressure  given  for  70  grains, 
viz,  9hpound«t 

We  are  told  that  these  recoils  in  pounds,  though  hot  absolutely  correct, 
yet  are  comparative ;  this  I  deny.  Take  indicated  recoils  of  90  and  100 
jnands.  If  these  can  be  compared  in  any  but  the  broadest  sense,  viz, 
that  one  is  somewhat  greater  than  the  other,  the  scale-mai'ks  mean  that 
there  is  a  difference  between  them  of  10  per  cent,  of  the  greater  one,  A 
moment's  consideration  of  the  triangle  of  work.  Fig.  1,  will  show  this  to 
W  untrue.    The  real  difference  is  nearly  25  per  cent. 

If,  then,  this  mode  of  measurement  is  neither  absolute  nor  comparative, 
what  is  it  good  fori 

I  would  respectfully  recommend  that  the  three  dynamometers  now  in 
•ervice  be  altered  to  receive  springs  with  no  initial  tensions,  and  that 
the  Kale-Ktems  be  graduated  in  foot-iKmnds. 


.oogle 
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EXPERIMEKTS. 

In  order  to  make  the  investigation  as  complete  as  possible,  I  have  fired 
the  service  rifle  and  carbine  with  their  own  and  each  other's  amiuiiiii- 
tioii,  both  for  initial  velocity  and  recoil ;  vai-jinp  the  initial  tension  from 
50 — 90  poimds  by  slipping  washerB  of  suitable  thickness  around  the  slide- 
stem  of  the  reeoU  ajtparattis. 

The  resulta  are  given  in  the  accompnnjing  Table  I. 

The  velocities  were  obtained  for  use  with  the  formula  herewith  deduced. 

Let  m  w  and  v  and  M  W  and  Y  rei>resent  the  mass,  weight  iu  i)0uud», 
and  initial  velocity  of  the  bullet  and  gun  resiwetively,  then — 
m«  =  MV, 

But  the  work  of  recoil  =  Q  =  ?^  —  ^  V* 
substituting  the  above  valne  of  V, 

For  the  rifle  let  W=  9  pounds ;  and  for  rifle  ammunition  let  e  =  1320 
feet ;  and  for  carbine  ammunition  let  v  =  1172  feet. 

For  tlie  carbine  let  W  =  7  jwunds ;  and  for  rifle  ammunition  let  r  =  1260 
feet  J  and  for  carbine  ammunition  let  t  =  1113  feet. 

(Note. — The  anmuuiitioii  for  both  recoils  and  pressures  was  prepared 
at  the  same  time,  from  weighed  charges  of  the  same  lot  of  powder,  Haz- 
ard's. The  guns  were  weighed  carefiillj-,  and  were  not  changed  tlirougli- 
out  the  experiment.) 

Suppljing  the  data  in  equation  2,  we  get  the  following  quantities  of 
work  of  recoil : 

For  the  rifle^  with  the  rifle  cartridge,  10.077  footpounds, 
with  the  carbine  cartridge,  7.9+  foot-pounds. 

For  the  carbine,  with  the  rifle  cartridge,  11.805  foot-pounds. 

with  the  carbine  cartridge,  9,211  foot-pounds. 

It  is  found  that  the  compression  of  the  spring  in  service  here,  from 

0 50  pounds,  is  1".65;  and  from  50 — 110  poimds  =  1".88.    Totsd  com- 

prea-sion,  3" .53.    This  divided  by  110  gives  C  =  32.1  pounds. 

Applying  equation  1  to  this  case,  we  find  the  work  done  in  producing 
the  initial  tension,  by  compressing  the  spring  to  the  50-lb.  mark  =  3.041 
foot-pounds. 

If  the  spring  be  set  at  the  60-Ib.  mark,  a  =  1".C5  -f  0".315  =  1".9C5,  and 
Q  =  5.105  foot-pounds; 

If  at  the  70-Ib.  mark,  a  =  2".28  and  Q  =  6.953  foot-pounds ; 

If  at  the  80-lb.  mark,  a  =  2".595  and  Q  =  9.007  foot-pounds; 

If  at  the  90-lb.  mark,  a  =  2".9l  and  Q  =  11.325  foot-iK>unds. 

For  any  obserretl  recoil  we  add  the  measured  compression  to  the  ini- 
tial compression  and  obtain  the  corresponding  quantity  of  work.  From 
this  de<luct  the  work  done  by  the  initial  compression,  and  the  result  ^vill 
be  the  indicated  work  of  the  recoil.  This  will  never  be  fidly  equal  to  the 
actual  work  of  the  recoil,  since  part  of  it  is  rendered  noneffective,  as 
before  explained.  This  loss  will  increase  mth  the  severity  of  the  recoil ; 
as  in  firing  rifle  cartridges  from  the  civrbine  or  rifle,  since  the  resistance 
of  the  gun-stock  remains  unchanged. 
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It  rill  ^so  increase  with  the  initial  tension. 

On  th«  other  hand,  nitli  ani  absolutely  slight  recoil,  as  from  the  carbine 
carlriilge  in  the  rifle,  only  slight  differences  tuigbt  be  expected  from  even 
conoiderable  variations  of  initial  tension. 
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Tliis  shows  that  the  lower  the  tension  the  nearer  the  readings  get  to 
representing  the  actual  work  of  the  recoil. 

This  may  be  shown  conversely  by  increasing  the  initial  tension  to  a 
very  higb  i>oint,  an  in  using  a  cop|>er  disk  instead  of  the  spring,  and 
meuMaring  its  change  of  form  by  the  llodman  method.     (Fig,  2.) 

By  a  somewhat  teilious  process,  which  I  nee<l  not  flilly  explain,  I  was 
able  to  determine  the  work  done  in  making  cuts  in  the  copi>er  corre- 
xpoDdiiig  to  tliose  inflicted  by  tlie  recoil. 

The  pcnetrationswere  calculated  for  a  cutter  radiu8=l".o;  from  tbem 
a  citr>'e  of  reitii^tances  was  laid  otf,  and  \t»  area  taken  at  the  given  points. 

The  curve  expressing  the  relation  between  the  penetrations  and  the 
presBores  was  approximately  a  straight  line. 

Table  n.—Meiuartmemt  of  reeoiU  bg  Rodman  hnife,  ^e. 
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The  last  column  gives  the  value  of  a  blow  from  a  falling  weighty  which 
made  a  cut  of  the  same  length  as  that  of  which  the  dynamical  equiva- 
lent had  been  calculated  bjr  the  method  above  referred  to. 

The  same  method  of  verifying  the  deductions  tnaa  the  compression  of 
the  spring  was  adopted. 

Seven  and  nine  pound  weights  were  dropped  from  different  heights  on 
the  recoil-spring  set  at  au  initial  tension  of  00  pounds.  For  the  results 
see  table  I. 

It  will  be  observed  that  the  shock  values  with  the  spring  bear  to  the 
indicated  work  of  the  recoil  very  uniformly  the  ratio  of  1.45  : 1.0. 

With  the  copper  the  ratio  is  1.34  :  1.0  very  uniformly. 

This  difference  is  one  obsei^'ed  in  all  similar  comparisons,  and  is 
probably  due  to  inertia  develoi>ed  in  the  particles  of  the  spring  and  cop- 
per by  the  rapid  application  of  the  blow.  The  difference  between  the 
ratios  can  readily  be  accounted  for  on  the  score  of  errors  of  observation. 

The  foregoing  pai>er  was  forwarded  by  the  commanding  officer  of 
Frankford  Arsenal  to  the  Chief  of  Onlnance  U.  9.  A.,  on  May  22, 1873, 
with  the  following  indorsement,  viz : 

*'I  have  examined  Lieutenant  Metcalfe's  report,  which  shows  careful 
study, -and  believe  his  deductions  to  be  correct.  The  spring  in  the  recoil 
ta^namometer  should  be  compressed  sufficiently  by  the  recoil  of  the  gnu 
to  admit  of  accurate  measiu^meut  within  prescribed  limits,  but  not  so 
much  as  to  cause  the  butt  of  the  gun  to  rise  sensibly  in  its  rearward 
motion.  By  making  the  recoil  scale  to  represent  VHitto/work  in  its 
divisions  rather  than  statical  preasurea,  like  causes  will  give  equal  num- 
bers of  units  of  work  wheu  the  springs  in  Uie  dynamometers  vary  in 
stiffness,  the  same  unit  for  distances  of  compression  being  used  in  all 
cases;  tliat  is,  C,  in  different  instruments,  always  representing  the 
weiglits  nKpiired  tfl  compress  the  springs  through  the  distance  unity. 
I  would  respectfidly  recommend  that  the  scales  which  register  recoils  od 
the  recoil  dynamometers  be  graduated  according  to  unit«  of  work." 

It  was  thereupou  referred  to  Lieut.  Col.  J.  G.  Benton,  commanding 
the  National  Armory,  Springfield,  Mass.,  who  recommended  that,  as 
Lieutenant  Metcalfe's  views  were  ertdeutly  sound  in  theory,  they  be 
carried  out  in  practice ;  and  the  Chief  of  Ordnance,  under  date  of  Jime 
14, 1878,  directed  that  in  future  all  dynamometers  will  be  graduated  as 
recommended  in  the  foregoing  report. 

8.  C.  LTFOED, 
Major  of  Ordnance. 
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APPENDIX  Nl. 


(Two  plates.) 

Fbankpobd  Arbemal, 

Maji  27, 187a 

A  simple  and  efficient  vay  of  determining  expeiimentally  the  co-effl- 
cient  of  friction  on  tmnniona  and  axles  has  long  been  deHJred.  While 
engaged  at  the  National  Armory,  five  years  ago,  in  preparing  mlea  for 
the  inspection  of  lubricating  oils,  I  devised  the  instrument  shown  in  Fig. 
1  aa  a  convenient  method  of  comparing  the  lubricating  qualities  of 
various  oils. 

The  box  A  is  flUed  to  the  level  of  the  wire  B  with  water  at  a  temper- 
ature noted  by  the  thermometer.  A  measured  quantity  of  oil  having 
l>een  placed  in  the  oil  cup  C,  it  passes  down  through  its  stem  to  the  steel 
journal  J.  The  bearing  B  is  ground  to  fit  closely  the  journal,  generally 
i-ODneGte<i  with  an  emery  grinder,  belted  ready  for  running  at  a  nigh  speed. 
The  journal  being  set  in  motion  with  an  approximately  uniform  velocity, 
the  thermometer  is  watched  until  the  temperature  of  the  water  in  which 
the  bulb  is  immersed  has  been  raised  any  given  number  of  degrees,  say 
aP.  The  time  so  required  is  taken  as  the  measure  of  the  lubricity  of 
the  oil. 

The  arrangement  worked  with  fair  accuracy,  as  will  be  seen  from  the 
table  accompanying.    The  variation  is  ordinarily  only  about  5  per  cent. 

Table L 

Teat$  on  new  oil-testing  maehine. 

The  saddle  was  made  of  brass,  30  poonds  pressure,  on  an  area  of  1.6642 
M]naie  inches. 
Weight  of  water  at  masimnm  density^  0.0955  pound. 
Volume  of  water  n  2.616  cubic  inches. 
Shaft,  diameter  1".06,  running  at  3,330  revolutions  per  minute. 

Time  required  to  rafM  water  30°  F. 


II 
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These  results,  though  roughly  comparative,  lost  a  great  part  of  their 
value  from  their  failure  to  account  for  the  heat  due  to  the  work  of  frictiou 
which  was  dissipated  by  radiation  and  conduction ;  otherwise  the  work 
of  the  friction,  and  hence  the  co-efficient  of  friction,  might  be  accurately 
deduced  from  the  mechanical  equivalent  of  the  quantity  of  heat  devel- 
oped by  it,  as  in  Bumford's  celebrated  experiment. 

The  insbument  was  also  evidently  deficient  in  not  taking  into  account 
the  endurance  of  oils  for  long  runs,  nor  the  resistance  due  to  their  vis- 
cosity.   In  {Uct,  each  experiment  waa  limited  to  a  single  observation. 

Besides  these  objections,  the  oil  to  be  tested  could  never  be  tried  luider 
the  actual  conditions  of  its  use,  but  had  to  be  tested  on  a  bearing  often 
&r  dift'erent  from  that  which  it  was  intended  to  lubricate. 

The  value  of  the  co-effleient  of  friction  may  be  deduced  from  the  quan- 
tity of  heat  developed  by  the  friction,  by  the  following  reasoning : 

/=^<>'^  =  Wi 

multiplying  both  numbers  by  «  =  2  r  B  N, 

but  Fg  =  Q  =  work  done  by  the  friction,  therefore 

Taking  the  case  of  Springfield  sperm  oil,  Table  I,  the  heat  due  to  the 
work  of  friction  will,  ai>proximat«Iy  speaking,  raise  in  139  seconds  ^^ 
pound  of  water  20°  F, 

This  is  equivalent  to  raising  2  pouuds  1°,  or  Q  =  2  thermal  luiits. 

But  1  thermal  unit  =  772  foot-pounds,  therefore  Q  =  1,541  foot-ponucis, 
and — 


f— ^5*4  .,—0094 

■'      30  X  Y/  X  3.14  X  3330  x  2.33  ~ 
This  is  surprisingly  near  the  results  by  the  other  method.    (See  page 
120.) 

The  different  results  obtained  with  the  other  oils  are  probably  due  to 
their  different  adaptability  to  the  nature,  size,  and  speed  of  the  bearings. 

A  KEW  METHOD  OP  DBTBEMINIMa  AKLB  PEICTION. 

The  following  method  then  occurred  to  me  for  detenuiuing  with  exact- 
ness the  co-efficient  of  friction,  f  See  Fig.  2.)  I  selected  au  ordinary'  dmw- 
liresa  (see  Ord.  Mem.  VIII),  ana  having  removed  the  clutch,  ran  the  fly- 
wheel upon  the  eccentric  shaft  by  a  belt  from  the  ai^joining  une  of  shaft- 
ing, the  hearing  of  the  wheel  u^n  the  shaft  being  previously  anointed 
with  a  measured  quantity  of  od,  viz,  S  to  15  drops.  After  running  any 
given  time,  the  belt  was  thrown  off  in  such  a  way  as  not  to  retard  the 
wheel,  and  the  wheel  allowed  to  run  down.  Supposing  the  final  impiihw 
of  the  power  to  be  constant,  the  best  oil  would  yield  the  greatest  number 
of  tunis  before  stopping  and  would  run  the  longest  time. 

Such,  roughly,  is  the  principle  of  the  machine.  The  details  are  devel- 
oped by  the  following  discussion : 

A  fly-wheel  is  set  in  rotation  with  an  angular  velocity  =  ff. 

The  source  of  pKtwer  is  removed,  and  the  wheel  is  allowed  to  nm  down 
until  stopped  by  the  resistance  of  the  friction  on  its  axle  and  that  of  the 


BBPOBT  OF  THE  CHIEF  OF  ORDNANCE.         117 

The  latter  resistance  is  neglect«d  in  this  discussion. 

TEie  living  force  of  the  wheel  at  the  initial  moment  of  the  observation 
=  L  =  M  K*  ^ ;  where  M  =  mass  of  the  wheel  %nd  K.  is  its  radius  of 
g;iTatiou.  This  is  equal  to  twice  the  work  of  its  inertia  in  stopping, 
vuDdeqaently  calling  the  work  of  its  inertia  Q  =  we  have — 

Q  =  ^^V.  (I) 

Bat  the  work  of  inertia  of  the  wheel  Is  overcome  by  the  work  of  the 
fiiw  of  friction  (F),  acting  over  a  path  =  2  ir  R  N,  in  which  E  is  the 
rwliuH  of  the  eye  of  the  wheel  and  N  the  number  of  turns  the  wheel 
inakti*  before  stopping.  The  work  of  the  friction,  then,  since  it  is  acon- 
staut  force,  must  be  equal  to  its  intensity  F  multiplied  bj  its  path,  or 

Q'  =  F2ffRN; 
l>at 

Q  =  Q'; 

lieoce 

F2*RN  =  ?^fl»,  (3) 

and 

That  the  force  of  friction  is  a  constant  force  has  been  determined, 
rx{MTimen tally,  to  be  true  within  widely  varjing  velocities:  eonse- 
qacntly,  as  during  the  stopping  of  the  wheel  the  only  variable  is  the 
VfliAJty,  and  its  variation  is  not  a  great  one,  the  rotation  of  the  wheel 
in  ittiipping  may  be  considered  as  a  case  of  uniformly  retarded  motion, 
tic  mean  velocity  of  which,  ff*,  is  half  the  initial  velocity  ff, 

'"f  (5) 

Itetnming  to  equation  (4),  let  t  be  the  time  in  seconds  of  one  turn  at  the 
rate  at  which  the  wheel  is  going  at  the  moment  of  removal  of  the  rotat- 
iuj;  [tower, 
tlien*=:  —  {B  =  l);  bntfromEq.  (5)t  =  -|^,  t' being  the  mean  time  of 

■nu-  turn  in  stopping,  which  ia  eqttal  to  »,  S  being  the  time  in  seconds 
rHjiiired  to  atop. 
S.,  .  =    8   .»d .  =  ^  =  t-?;  and  ^  =  !1J2!. 

SillistitQtulg  in  Eq.  (4),  viz : 
F  = 

F=i— ,^-™  ,6) 

Bnt  callinff^=  tliec(hefflcientoriHction,or/=  p,  and  allowiDg  tlie 
iTf  iglit  alone  of  the  Tlieel  to  act>  we  liare — 

,     4MK'»ir    ,    ,„      W 

"  ,  ...dbjCooglc 


to  remain  constant,  sine*  ( = 
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OODSequently,  under  this  supposition,  the  most  natural  one  for  practice 
witk  loose  pmley 8,  by  substituting  the  value  of  M, 
,     4K'»N 

•'*    K^  8*'  (7) 

For  any  given  wheel  and  place,  K,  r,  B,  and  g  are  constant,  hence  th« 
above  may  be  written — 

/-^^-  (8) 

If  the  wheel  be  driven  at  an  approximately  constant  speed,  we  can 
obtain  approximately  accurate  results  by  Bupposing  the  ratios  of  K  to  S 
S 
"25f 
Iq  this  case  equation  (8)  becomes 

/«C'?(9),  oroonveraely  I  =%y 

C  being  equal  to  C  ,^,  p  being  the  rate  in  terms  per  minute  at  which 

the  wheel  is  driven;  or  the  lubricatiog  value  of  an  oU  is  directly  in  pro- 
jmrtiou  to  the  time  which  the  wheel  will  consiyne  in  running  down  after 
the  power  giving  it  rotation  is  removed;  this  power  being  constant  for 
different  trials  and  the  wheel  being  only  subject  to  the  ret^-ding  force  of 
fiiction. 

E  =  the  radius  of  gyration  can  be  obtained  by  hang- 
ing the  wheel  as  a  compound  pendulum  giving  N  vibra- 
tions per  hour. 

,  _  I'  {3600)* 


I'  for  Frankford  Arsenal  =    39"  .0977  = 

g  for  Frankford  Arsenal  =  385".88     = 

N  =  72  beata  per  min.  =  4320  i>er  hour  = 

e  =  14"^  =  distance  from  center  of  wheel  to  point  of  support;: 

W  =  303  pounds. 

K  =  13",556 

K?  = 

R  =  radius  of  eye  ot  wheel  — ' 

(length  of  axle-arm  bearing  =  &",0) 
from  this  a  value  for 

0  =  5Ji670 ;  log.  C  =  0.745625. 
A  table  is  formed  for  different  values  of, 


8' 


giving  the  logarithm  of  the 

quotient;  entering  this  vitti  the  logarithm  of  the  number  of  turns  mode 
before  stoi)piiig,  tlie  logarithm  of/  is  fomid  by  addition. 

Keeping  the  wheel  in  constant  motion  except  during  the  time  con- 
sumed in  taking  observations  at  regular  intervals — say  of  5  hours— a 


BEPOBT  OF  THE  CHIEF  OF  OBDNANCE.        119 

mean  r&Iiie  for  /  can  be  found  at  eacli  of  tlie  intervals  and  laid  off  as  au 
oidiQate  from  an  axis  of  abscisaes  divided  for  hours. 

Tb&  extremities  of  these  ordinates  heiug  joined,  a  curve  will  be  foond 
showing  the  endurance  of  the  oil  at  different  times,  and  for  equal  times 
thf  lubritiit)'  of  the  oils  ma;  be  compared  inversely  by  the  areas  limited 
by  flieir  corresponding  curves. 
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The  following  points  require  attention: 

I.  The  results  first  obtained  with  a  fixed  axle  were  so  high  and  irreg- 
olar  as  to  make  me  suspect  their  anomalies  to  be  due  to  the  denudation 
of  the  top  of  the  axle  by  tike  revolution  of  the  wheel,  in  this  manner: 
Suppose  the  eye  of  the  wheel  to  be  practically  larger  than  the  axle ;  as 
the  oil  is  swept  fix>m  the  line  of  contact,  the  upper  element  of  the  axle, 
it  runs  down  the  side  and  collects  beneath  the  axle  in  a  film  of  greater 
or  lesser  thickness.  This  does  no  service  in  lubrication  unless  it  be- 
comes heavy  enough  to  drag  against  the  eye  of  the  wheel  and  be  car- 
ried by  it  to  the  upper  element  of  the  axle. 

Again,  this  line,  or  rather,  from  the  compressibility  of  the  materials 
of  which  the  eye  and  axle  are  made,  this  area  of  contact  becomes  worn 
and  highly  polished  in  the  course  of  50  hours'  ran.  In  cleaning  the 
axle  for  the  next  trial  the  same  surface  may  or  may  not  support  the 
wheel,  and  thus  cause  a  very  material  difference  in  the  result.  So  to 
eqnali^  matters,  aud  to  distribute  tbe  wear,  I  put  a  crossed  belt  on  the 
head  of  the  eccentric  shaft,  running  it  from  the  same  line  shaft  at  about 
54  revolutions  per  minute  in  a  direction  contrary  to  that  of  the  revolu- 
tion of  the  wheel  which  ran  at  53  revolutions. 

The  effect  was  immediately  evident  in  the  increase  of  the  number  of 
tnms  and  of  the  time  required  to  nm  down,  although  the  relative 
velocity  of  the  coutiguons  surfaces  was  doubled. 

II.  Although  the  wheel  ran  very  uniformly  at  the  rate  of  63  turns  per 
minute,  yet  during  that  minute  the  rate  of  rotation  was  alwaj-s  varying 
in  consequence  of  the  inability  of  the  steam-engine's  governor  and  fly- 
wheel to  compensate  instantaneonsly  for  drafts  made  on  the  source  of 
power. 

Hence  the  arrangement  shown  (equation  5),  by  which  the  impulse  is 
not  regarded  as  constant  and  differences  in  the  initial  velocity  are 
allowed  for. 

The  importance  of  this  arrangement  becomes  apparent  when  it  Is 
considered  that  even  when  the  co-efBcicnt  of  friction  is  great  a  suflB- 
ciently  forcible  impulse  may  give  as  great  a  number  of  turns  and  may 
cause  the  wheel  to  turn  aa  long  a  time  as  from  a  weaker  imptUse  with 
less  friction. 
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Experiment  fully  jastifies  tbe  compensating  power  of  tlie  formnla 
fliiaUy  deduced.     (See  jjp.  6fi8,  6G9,  and  670.) 

Ill,  The  wheel  was  imiwrfectly  balanced,  so  that  its  running  was 
often  nnduly  prolonged  in  point  of  time,  in  eonseqoence  of  the  ]ka88a{;6 
of  the  heavy  part  by  the  center  just  as  the  motion  was  about  to  ceaue. 
The  eye  of  the  wheel  contained  several  blow  holes  which  served  as  oil 
pockets.  The  axle  was  rough  in  the  beginning  of  tlie  experiment. 
There  was  more  or  less  lateral  iriction  against  the  shoulder  aud  washer. 

With  this  arrangement  the  results  recorded  in  the  accompanying  dia- 
gram were  obtained ;  the  mean  of  at  least  three  trials  Iteing  taken  at 
each  observation. 

The  influence  ctf  continued  wear  of  the  rubbing  snrfHces  is  plainly 
shown  by  the  relative  position  of  curves  repi-esenting  rejieated  tiials  of 
the  same  oil,  as  shown  by  the  accompanying  legend,  llie  viscosity  of 
the  oils  when  first  applied  is  shown  by  their  comparatively  high  ,fric- 
tional  values. 

Good  sperm  oil  after  exhaustion  of  its  fluidity  would  coat  the  bearing; 
with  a  smooth  sort  of  glaze,  on  which  the  running  would  continue  with- 
out material  change. 

This  was,  however,  a  dangerous  condition  of  affairs,  for  the  slightetit 
break  in  this  film  might  have  brought  the  naked  metals  in  contact  aud 
have  caused  them  to  be  galled  or  welded  together. 

To  test  the  question  of  the  independence  of  the  formida  (equation  8) 
from  the  force  of  the  initial  impulHe,  two  sets  of  obtservations  were  made 
on  the  same  oil — G — 0  hours.  First  run  by  8t»;am-power  in  the  ordiiiarj- 
way  at  an  average  velocity  of  53  turns,  and  then  by  hand  with  pur- 
posely very  different  iuitiai  impulses,  as  will  be  seen  from  the  number 
of  turns  made  before  stopping. 

The  results  were  as  foUows ; 
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The  absolute  values  of  the  co-efllcients  of  Iriction  thus  obtained  are 
much  less  than  those  recorded  by  Morin  (see  Bartlett,  p.  503),  or  even 
by  Prof.  R.  T.  Thurston's  lubricating  testing  nmchiue  (I'olytciilniic  Re- 
view, March  3d,  1877).     Here  Professor  Thurston  gives,  for" the  average   ' 
of  commercial  oils,  co-efflcients  varying  with  the  pressure  as  follows : 
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The  absolute  pressure  per  square  inch  must  always  be  a  bard  matter 
to  determine,  especially  in  the  case  of  a  wheel,  as  it  depends  so  larf^ely 
upon  the  fitting  of  tbe  surfaces.  Judging  by  the  mark  left  on  the  Sim 
of  oil  on  removing  the  wheel  used  in  my  experiment  from  the  axle,  it 
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appeared  to  rest  on  a  snr&ce  about  0",6  x  5".0  =  3  square  inches.  The 
weight  of  the  wheel  was  303  pounds,  consequently  the  preseure  was 
about  100  pounds  i>er  square  inch. 

This  would  partly  account  for  the  difference,  part  of  which  might  also 
be  doe  to  differenceB  in  the  bearing  surfaces  and  in  their  relative  veloc- 
ity. 

For  these  and  other  reasons  the  special  testing  machine  shown,  Fig. 
3,  was  devised,  and  is  now  in  construction. 

It  will  be  observed  that  the  ftiction  is  that  of  a  movable  shaft  on  a 
fixed  bearing,  differing  in  this  important  particular  &om  the  device  last 
described.  The  oil  naturally  gravitates  to  the  point  of  greatest  pres- 
sore ;  the  wear  of  the  bearing  surfaces  is  compensated  for ;  and,  in  a 
word,  the  circumstances  resemble  as  closely  as  possible  those  of  an  ordi- 
nary bearing  for  liue  shafting,  which,  owing  to  its  inaccessibility  and 
the  continuous  motion  there  prevailing,  is  Uie  most  important  for  our 
conaideratiou. 

To  apply  as  closely  as  may  be  to  the  conditions  of  practice  at  this 
araenal,  the  shaft  is  made  of  wrought  iron  of  the  standard  diameter  2^', 
inches;  the  bearing  is  also  that  recommended  by  Sellers  &  Co.  and 
Tliurxton,  viz,  of  a  length  equal  to  four  times  the  diameter  of  the  shaft. 
The  cap  receives  the  pressure  from  the  weighted  lever  above  it,  which 
can  thus  be  increased  to  100  pounds  per  square  inch.  There  are  no 
shoulders  or  washers  to  interfere  with  free  rotation.  A  trough  cast  in 
the  cap  can  be  filled  with  water  and  used  as  in  Fig.  1. 

The  two  fly-wheels  are  to  be  carefully  balanced.  They  will  be  driven 
by  au  independent  cluteh,  shown  on  the  side  of  the  figure.  Their  revo- 
lutions will  be  counted  by  the  following  simple  derice:  An  ordinary  Seth 
Thomas  lever-clock  is  placed  at  right  angles  to  the  axis  of  the  BhaR  and 
eo  near  it  that  an  eccentric  pin  on  the  end  of  the  shaft  will  enter  the  side 
of  the  escapement.  The  clock  being  wound  up  will  tend  to  beat  and 
m^k  seconds,  but  by  the  action  of  the  eccentric  pin  will  be  con- 
strained from  moving  except  so  far  as  the  revolutions  of  the  shaft  will 
permit;  consequently  each  revolution  of  the  shaft  will  be  indicated  as  one 
half-aecond,  and  every  7,200  as  one  hour,  and  so  on.  The  tension  of  the 
dock-spring  relieves  the  shaft  from  the  resistance  of  the  clock-work. 

If  this  should  be  found  to  work  well,  new  gear-wfaeets  will  be  intro- 
duced and  an  extended  decimal  notation  provided  for. 

I  propose  to  v&ry  the  composition  of  the  boxes,  using,  besides  cast 
irou,  brass.  Babbitt  metal,  &c. 

For  a  practical  illustration  of  the  advantages  of  the  formula  above 
diHcossed,  I  recently  applied  it  to  the  case  of  a  gun-carriage  wheel. 

The  value  of  C=«.512-;  (log.  =0.978276)  was  derived  fixim  the  foUow- 
ingdata: 

N  =  286  in  five  minutes ; 

e=24".66; 

I'  at  Frankford  Arsenal  =  39.09777  inches ; 

g  "  «  "      =32.15663  feet; 

R  =  greatest  diameter  of  eye=:1.56  inches; 
ui  the  formula 


A  cnrriagC'body  with  a  fairly  smooth  axle-arm  was  jacked  up  so  as  to 
make  the  upper  element  of  the  arm  horizontal  to  the  eye,  or  nearly  so. 
The  axle  was  successively  lubricated  with  the  foUowing  substances. 
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The  impulses  given  to  the  wheel  were  as  varied  as  was  possible,  as  au 
inspection  of  the  results  will  show. 

The  high  velocities  were  obtained  by  pressing  the  end  of  a  stick 
against  the  side  of  a  spoke  and  keeping  ap  the  pressure  as  the  wheel 
revolved  by  following  the  movement  of  the  spoke. 

As  might  have  been  expected  the  wheel  was  not  balanced,  nor  was  it 
possible  to  prevent  occasional  rubbing  against  the  shoulder  on  the  axle 
or  the  washer. 

The  axle  also  was  purposely  only  leveled  by  the  eye.  These  circnm- 
stances  naturally  affected  disproportionately  the  results  obtained  with 
very  low  impulses,  given,  not  so  much  to  obtain  apparently  consistent 
results  as  to  test  in  the  most  severe  way  possible  the  general  truth  of 
the  theory.  To  my  mind  its  truth  Ib  fully  sustained.  More  consistent 
results  might  have  been  attained  by  a  repetition,  from  which  I  have 
parposely  re&ained. 

Springfield  epem-M/Teelif  applied. 
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Ctutor-oil  freelg  applied. 
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The  apphcation  of  this  to  experimental  comparisons  of  axle-grease  is 
evident. 

Apply  each  lubricant  to  one  axle  of  the  vehicle :  travel  with  it  any 
given  numb^  of  miles,  then  obtain  the  corresponding  values  of/.  If 
the  bearings  differ  in  smoothness,  alternate  the  lubricants. 

If  this  theory  should  prove  well  founded,  I  would  advise  that  the  new 
edition  of  the  Onlnance  Manual  contain  values  of  C  for  all  wheels  used 
on  ordnance  field-carriages. 
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APPENDIX  S2. 


(Eight  plates.) 

Fbasefobd  Arsbujo., 

Janvary  22, 1878. 
I  hare  the  honor  to  make  the  foUowing  report  npOD  the  test  of  certaiu 
specimenaofcartridge-copperor  gilding  metal  submitted  b;  the  Ansouia 
Brase  and  Copper  Company,  and  by  Messrs.  Merchant  &  Go.  of  this 
city,  for  comparative  trial  with  copper  made  Mr.  J.  G.  Moffet,  Bloom- 
field,  N.  J. 

OBJECT  OF  INTESTIOATION. 
Id  making  thin  comparison  I  was  induced,  not  only  to  carry  out  tlie 
ordinary  tests  involving  facility  of  manufacture  and  endurance  under 
proof  of  the  material  in  question,  hut  also  to  extend  my  inquiries  to  the 
point  of  ascertaining  what  are  the  physical  peculiarities  of  metal  best 
suited  to  the  manufacture  of  metallic  ammimition. 

A  proper  object  of  this  inquiry  I  conceive  to  be,  to  ibmish  manufae- 
tuiera  desirons  of  competing  for  the  supply  of  cartridge-metal  with  certain 
simple  standards,  easily  applied  in  their  own  workshops,  and  up  to  which 
they  may  work  with  the  hope  of  immediately  approaching  the  require- 
ments  of  good  cartridge-metal. 

C0MFABI80N  WITH   OEDINABY  U&THOD   OF  TESTTNO  COPPER. 

This  should  afford  more  encouragement  to  manu&cturers  than  the 
cmttomaTy  process  of  confining  the  inquiry  to  making  up  a  quantity  of 
the  test  metal  in  cartridges  for  powder-proof;  for  the  results  of  this 
proof  must  simply  give  to  the  manufacturer  knowledge  of  advantages 
or  defects  in  the  finished  product,  concerning  the  cause  of  which  in  the 
taw  material  he  must,  from  lack  of  familiarity  with  the  operatifms  of 
cartridge  manufacture,  be  more  or  less  in  doubt. 
HOFFBT   COPPER. 

Although  tlie  ^reat  excellence  of  Mr.  Moffet's  copper  leaves  little  to 
be  desired  in  point  of  nniformity  and  osefitl  strength,  still  the  inexpe- 
diency of  being  dependent  upon  bat  one  mill  for  our  supply  of  copper  is 
evident. 

Apart  fh>m  certain  peculiarities  evident  in  manufiwtnre,  such  as  seami- 
ness  of  structure,  inequality  in  tliicknesB,  &c.,  I  hope  it  may  be  found 
that  many  of  the  requirements  of  good  cartridge-metal  may  be  deduced 
from  its  behavior  under  the  various  mechanical  tests  hereafter  described. 

THEOBT  OF  IKVBSTIOATION.  . 

With  this  assumption  it  was  determined  first  to  ascertain  by  the  pow- 
der-proof what  kinds  of  metal  gave  the  best  practical  resnlts ;  then  to 
obeene  the  behavior  of  the  best  and  worst  of  these  materials  under  the 
mechanical  t«sts,  so  that  safe  inferences  might  be  thereafter  drawn,  not 
only  of  what  qualities  to  seek,  but  also  of  what  defects  to  avoid. 
TARIBTT  OF  METALS  TESTED. 

Then,  also,  other  materials  of  as  diverse  characters  as  possible,  such  as 
brass  annealed  and  not  annealed,  pure  copper,  and  even  soft  Bessemer 
Bteel,  were  admitted  into  the  lists,  with  the  hope  that  the  extent  of  the 
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field  covered  by  their  diversities  would  permit  a  more  general,  and  there- 
fore a  more  truthful,  view  to  be  taken  of  their  requirements  than  if  the 
scope  of  the  inquiry'  were  limited  to  the  slight  difierences  between  metaU, 
which,  in  their  approach  to  a  common  standard,  already  resemble  each 
other,  as  far  as  the  skill  of  their  makers  would  allow. 

THE  POWDER  PBOOP, 

£prouvette. 

For  this  purpose  the  Gill  ^prouvette,  shown  Plate  I,  Fig.  1,  was  em- 
ployed. Its  oi>eration  is  verj-  simple :  The  charge  of  jiowder  is  gradually 
increased  until  the  pressure  develoi>ed  by  the  inertia  of  the  constant 
weight  Ls  just  sufficient  to  cause  the  cartridge  to  j-ield.  The  cartridge 
is  held  in  a  chamber  which  is  the  exact  counterpart  of  that  of  the  Spring- 
field gun.  The  least  weight  of  rifle-powder  in  grains,  causing  nn>ture, 
is  taken  as  the  effective  value  of  the  cartridge,  (For  particulars,  aee 
Plate  XXIV,  Ordnance  Memoranda,  So.  14.) 

Comparison  tritk  te»t»  mad^  in  r^fle. 

Experiments  which  I  have  made  in  connection  with  this  report  lead 
me  to  greatly  prefer  the  4prouvette  to  the  use  of  a  gnu  for  the  extreme 
proof  of  cartridge-cases. 

In  firing  in  a  gun  with  the  high  charges  necessaty  to  destroy  the  case, 
an  enlargement  of  the  cartridge-head  space  necessarily  follows  from  the 
setting  back  of  the  breech-block  upon  its  bearings.  So  that  in  using 
the  same  gnu  for  the  extreme  proof  of  different  cartridges  the  conditions 
may  change  with  each  discharge. 

This  is  particularly  the  case  with  cartridges  which  fiiil  from  shearing, 
as  will  be  explained  fiirtber  on. 

"  Yielding  of  system  under  heavy  strain. 

It  will  be  sufficient  to  cite  the  example  of  certain  cartridges  which 
stood  on  one  occasion  81  grains  of  English  rifle-powder  and  one  service- 
bullet.  When  the  trial  was  repeated  next  day  iJiey  could  only  be  made 
to  stand  77  grains  and  one  bullet. 

Advantages  of  iprouvette. 

The  advantage  of  the  ^pronvette  undoubtedly  consists  in  this :  that 
by  excluding  aU  variations  in  the  firmness  of  the  closure  and  the  condi- 
tion of  the  lM)re,  it  limits  the  inquiry  most  strictly  to  the  single  variable 
under  consideration. 

The  results  were  as  follows : 

Table  I. — Baaitt  of  Jtriiig  tn  ^proanth. 
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The  lowest  hmit  of  the  thin  steel  was  not  reached,  as  the  escape  of 
gas,  even  with  such  low  charges  as  10  grains,  was  such  as  to  tend  to 
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iqjitre  the  4proavette  by  Bcormg.    The  brass  not  annealed  gave  way 
t«(lly,  in  one  case  a  piece  being  blown  or  melted  from  the  rim. 

These  concluBions  as  to  the  comparative  strength  of  the  Merchant  and 
Moffet  coppers  were  subsequently  verifled  by  firing  10  of  each  with  24- 
giaia  charges  in  the  ^prouvette ;  i  of  the  Merchant  and  8  of  the  Moffet 
Med  by  diearing. 

DISrmOTION  BBTWEBN  SHEABmO  AND  BUBSTING. 

Sheared  heads. 

The  character  of  the  rapture  demands  attention.  It  will  be  observed 
that  the  Moffet  and  Merchant  metals  always  parted  by  shearing.  This 
is  a  specific  term  used  to  denote  the  parting  of  the  metal  on  the  line  of 
a  b,  Plate  I,  Fig.  2,  due  to  the  pressure  of  the  gas  on  the  ring  c  d,  and  to 
the  rigid  resistance  of  the  edge  of  the  chamber  at  e.  This  defect  is  com- 
mon to  all  folded  head  cartridges,  in  none  of  which  necessarily'  can  this 
ring  he  less  in  depth  than  the  thickness  of  the  metal  of  which  the  head 
is  made.  Its  maximum  depth  is  limited  by  the  backward  movement  of 
the  breech-block  under  the  pressure  of  the  ga&es  in  firing,  thereby  virtu- 
ally enlarging  the  cartridge-head  space. 

By  thickening  the  head,  as  in  some  solid-head  cartridges,  so  that  its 
inner  sur&ce  may  come  within  the  tine  a  b,  this  strain  may  be  ob- 
viated. 

Burst  heads. 

The  brass,  steel,  and  Ansonia  cartridges,  on  the  other  hand,  appeared 
to  part  principally  in  the  circle  represented  in  section  by  tlie  jtoint/. 
This  teems  tJie  line  of  separation  between  that  portion  of  the  head  most 
severely  squeezed  and  hardened  by  the  operation  of  heading,  viz,  the 
area  inside  of/,  and  the  more  extensible,  because  more  unsupported, 
narrow  ring  outside  of  it.  The  stmctural  change  {"demoralization") 
due  to  this  variation  in  pressure  is  probably  heightened  by  the  influence 
at  that  point  of  the  cold-shut  bend  of  the  flange. 

This  effect  was  plainly  seen  even  in  cartridges  where  absolute  rupture 
did  not  occur.  The  circidar  area  inside  of /seemed  to  have  been  stretched 
bodUy,  like  a  drum-head,  away  from  the  original  plane  of  the  head  to  a 
})osJtion,  say  g  g.  From  this  position,  when  it  did  not  break,  its  elas- 
ticity generally  hronght  it  back,  leaving  a  shallow  annular  groove  at/. 
The  cases  also  sometimes  broke  in  the  told,  as  at  h.  This  was  particu- 
larly the  case  with  the  steel 

The  residts  of  this  powder  proof  would  lead  one  to  characterize  the 
greater  part  of  the  metals,  except  Merchajit's,  as  hard,  short,  and  unyield- 
ing in  comparison  with  the  Moffet  copper. 

UECQAKIOAI.  TESTS. 

These  were  for  tensile  strength  with  progressive  elongations  under 
strain ;  applied,  Ist,  statically ;  2d,  dynauilcfdl^' ;  3d,  resistance  to  shear- 
ing by  shock ;  4th,  stmctural  effect  ot  close  bending  under  pressure. 

I.— TEIfSILE  STRAIN. 

Form  of  ^e^mens. 

The  standard  specimens  were  in  every  case  after  Xo.  24  Laboratory 
Bec(»d  of  the  form  Bhown^  tiate  HI,  Fig.  1,  and  cat  lengthwise  of  the 
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strip.  The  line  of  least  resistance  was  sometimes  shortened  wbere  great 
resistence  was  expected.  The  points  a  b  were  laid  off  baJf  an  inch  on 
each  side  of  the  line  of  least  resistance,  and  the  elongation  between  them 
measured  at  each  increment  of  strain.  This  short  length,  one  inch,  was 
taken  as  the  basis  for  snch  measurements,  in  order  to  compare  with 
the  necessarily  local  natnre  of  jjowder-strains  upon  the  cartridge-case 
in  service.  A  umiiber  of  observations  on  metals  of  diSerent  kinds 
fixed  the  total  elongation  of  the  specimen  at  about  0".l  more  than  the 
total  elongation  of  the  middle  inch,  whether  that  elongation  was  0,"265, 
0".29,  or  W.32,  I  have  consequently  neglected  the  elongation  of  that 
portion  of  the  specimen  outside  of  the  points  a  b,  althongh  it  undoubt- 
edly increases  the  apparent  resistance  of  the  middle  inch,  on  tlie  ground 
that  the  equality  of  the  results  above  indicated,  despite  the  unequal  dnc- 
tUity  of  the  materials  undergoing  strain,  must  indicate  that  the  t^«e 
extension  of  the  part  in  question  is  so  greatly  affected  by  the  friction  of 
the  clamps  as  to  render  its  comparative  indications  of  no  value. 

I  therefore  consider  that  truly  relative  resnlts  in  this  case  may  be 
obtained  by  confining  our  attention  to  that  portion  of  the  specimen  in 
the  immediate  vicinity  of  the  fracture,  provided  that  the  specimens  are 
originally  of  the  same  form  and  dimensions. 

This  subject  is  well  treated  in  a  pai)er  by  Mr.  C.  B.  Richards,  of  Colt's 
Armory,  read  before  the  American  Society  of  Civil  Kugineers,  Jaiuiary 
21,  1874.  Mr.  Richards's  conclusions,  although  at  first  sight  opposed  to 
those  above  enunciated,  will,  I  think,  be  found  to  confirm  them  on 
examination. 

The  ends  of  the  speoimens  are  bent  over  to  fit  in  narrow  grooves  cut 
in  one  of  the  interior  sulikces  of  each  of  tbe  clamps.  This  precaution 
was  adopted  after  the  proof  of  specimen  Na  2i,  on  account  of  the  appar- 
ent slipping  of  the  specimens  in  the  clamps  when  held  by  friction  alone, 
as  shown  by  tlie  curving  inward  of  the  ends  in  former  tri^s. 

•  *••••■ 

TeaUmfi  madiine. 

To  pioeure  the  tensOe  strain  a  testing  madiine  was  extemporized  as 
foUows : 

The  specimen  is  firmly  held  in  damps,  the  stem  of  the  upper  one  of 
which  is  extended  to  form  a  vertical  screw  above  it.  The  lower  clamp 
is  also  extended  to  form  a  stirrup,  a  knife-edge  on  the  sole  of  which  sup- 
ports one  end  of  a  heavy  iron  beam.  The  other  end  rests  on  a  knife-edge 
on  the  platform  of  a  Fairbanks  scale.  This  beam  is  held  down  at  mid- 
leugtta  by  a  bolt,  the  lower  end  of  which  is  fastened  to  a  lug  cast  ou  the 
frame  of  an  old  punching  press,  which  serves  as  the  general  frame  of  the 
machine.  The  eye  in  this  bolt  is  square,  and  its  under  side  is  formed 
into  a  knife-edge  resting  on  the  upper  side  of  the  beam. 

The  vertical  straining  screw  passes  through  an  old  casting  bolted  on 
the  top  of  the  frame,  and  works  on  a  feather  to  prevent  rotation  in  rising. 
The  fnime  is  kept  from  rising  bodily  imder  the  infiuence  of  the  strtun, 
by  a  prop  wedged  in  tightly  against  an  iron  fioor-beam  above  it. 

The  ]ilatform  frame  of  the  scale  is  supported  on  a  wooden  block  resting 
on  the  fioor,  high  enough  to  take  all  strain  ofi'  tbe  journals  of  the  truck- 
wheels. 

The  strain  was  brought  to  bear  by  means  of  tlie  cross-handled  nut 
shown  in  the  sketoh,  the  elongation  between  a  and  b  being  followed  np 
meanwhile  by  an  assistant  witii  a  pair  of  spring  dividers. 

Wben  tlie  weight  upon  the  sc^e  beam  was  raised,  tlie  dividers  were 
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removed  and  the  space  measured.  It  was  tlius  possible  to  follow  ap  the 
8tret«h  nntll  the  metaJ  could  actually  be  seen  begining  to  part,  when  the 
diriders  were  removed. 

That  these  armngement«,  though  rude,  gave  very  consiBtent  resnlta, 
will,  I  think,  appear  from  au  examination  of  Table  II.  Much  of  this 
accuracy  is  due  to  the  care  and  skill  displayed  by  Mr.  McBride,  of  the 
machine  shop  of  this  arsenal,  who  assisted  me  throughout  these  experi- 
ments. 

Arranging  the  testing  machine  cost  about  $20. 
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'  From  dUbreDt  MHpi.  I  One  BpecimeD  mly  stavlched  to  .316.    See  Abitnct  of  Testa. 

The  figures  expressing  variation  are  obtained  by  dividing  the  sum  of 
the  maTimiim  differences  by  the  number  of  observations. 

Comparative  uniformity. 

The  Moffet  and  the  two  Ansonia  coppers  are  the  most  uniform.  The 
steeL  pure  copper,  and  Merchant's  annealed  are  the  least  uniform.  Brass 
and  Merchaut's,  not  annealed,  are  about  a  mean  between  the  other  two. 

Curves  of  eUmgoHimt  under  tenaile  strain. 

The  mean  results  are  plotted  in  the  accompanying  curves,  Plates  TV — 
Vin,  in  which  the  divisions  of  the  axis  of  abscisses  represent  the  elon- 
gations in  hundredths  of  an  inch,  due  to  hundred-pound  strains,  indicated 
along  the  axis  of  ordinatee. 

Ewh  square  thus  represents  100  pounds  x  0".  01  =  1  inch-pound. 

Effect  of  variations  in  tkiekness. 

Differences  in  section,  due  to  variation  in  the  thickness  of  the  metal, 
have  been  neglected  where  this  variation  was  slight    Ifumbers  of  ez- 
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perimeate  show  generally  tbat  the  indicated  resistances  for  small  sec- 
tions are  projx>rtionately  greater  than  fur  large  sections.  (3e«  Plate 
VIII.)  Sometimes  even  a  slightly  higher  se<;tioD  resists  absolutely 
less  than  a  low  section,  e.  g.,  1'  X  0".(Ktl  leas  than  1'  x  0".030.  Acci- 
dental differences  apart,  this  is  probably  due  to  the  greater  condensa- 
tion due  to  rolling  down  the  thin  metal. 

By  sup|>osing  the  shin  so  formed  to  be  of  an  absolute  thickness  the 
greater  proportionate  strength  of  thin  metal  might  be  accounted  for. 
(See  Appendix.) 

These  differences  exist  mainly  in  the  elongations  due  to  progressive 
strains.  The  breaking  strains  are  nearly  always  propordonal  to  the 
sectional  area.  The  form  of  the  specimen  also  affects  its  elongation. 
(See  Appendix.) 

Tlie  ciu^'es  are  plotted  for  each  kind  of  material  separately. 

Bach  sheet  also  contains,  as  a  common  standard,  the  Moffet  carve. 

All  the  curves  are  combined  for  comparison.    Plate  VIL 

II.  TENSILB  strength  A.QA.ISST  SHOCK. 

Object  of  experiment. 

It  was  at  one  time  thought  that  valuable  data  might  be  derived  &om 
rupturing  the  specimens  under  the  shock  of  a  falling  weight,  which  might 
be  supposed  to  resemble  in  its  effect  the  sudden  explosion  of  gun-{>ow- 
der.  The  arrangement  shown,  Plate  III,  Fig.  3,  was  devised  for  this 
purpose. 

A^aratus. 

A  weight  was  made  to  slide  &eely  ou  a  f-inch  iron  rod  graduated  in 
feet  and  tenths  of  a  foot,  and  suspended  from  the  eye  of  the  lower  clamp 
used  in  the  testing  machine.  The  other  clamp  was  attaclied  to  the  web 
of  an  iron  floor-beam,  the  specimen  being  held  between  the  two  clamps, 
as  previously  described. 

By  successive  trials  a  point  was  found  from  which  one  blow  of  the 
falling  weight  was  Just  snfflcient  to  produce  rupture.  The  mechanical 
effect  of  this  blow  was  assumed  as  the  value  of  the  material  against  shock. 
(See  Table  III.) 

This  rod  was  about  6  feet  long  and  weighed,  with  the  lower  clamp, 
21.5  i>ounds,  enough  to  stret«b  the  siiecimeu  fairly  so  as  to  avoid  local 
tearing  strninsj  and  yet  not  enough  to  contribute  speeitlcally  by  its  own 
weight  to  its  yieldiug.  It  was  made  heavy,  also,  so  as  to  avoid  as  far 
as  i>ossible  its  own  extension  bj  the  blow. 

Xeee*»ityfor  an  invariable  weight. 

To  obtain  comparative  results,  however,  it  was  found  necessaiy  tbat 
the  foiling  weight  should  not  be  changed.  For  it  was  found  by  increas- 
ing the  weight  from  1G.5  pounds  to  22  pounds  =  33  per  cent.j  that  not 
otdy  was  the  necessary  height  of  foil  proportionately  diminisbeil,  but 
that  the  total  foot-pounds  of  the  blow  could  be  further  diminished  lo  per 
cent,  without  failing  to  produce  rupture. 

Effect  a/changing  iceigkt. 

This  result  was  arrived  at  aecidentally,  in  consequence  of  the  rod 
being  found  too  short  to  allow  rupture  of  the  brass  specimens  to  result 
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from  the  &Uiiig  of  tbe  16.5-potmd  weight,  vith  vhich  the.  experimehts 
*<uc  b^n"^  '^lut  value  for  bnas  sobjected  to  this  atrain  ia  thus  deduced 
from  thu  supposition.  «id  is  given  aa  if  for  a  weight  of  16.6  poonda. 

Thia  subject  has  heea  recently  adverted  to  by  Professor  Kick,  of 
Pi^oe.  (See  VanNostraad's  Magazine,  voL  XVII,  pt^e  368,  Septem- 
ber, 1877.) 

Ratio  ietteeat  retittance  under  akock  and  slow  strain. 

Expeiimeats  made  at  thIa  arsenal  indieate  a  ratio  from  about  2.8  for 
the  high  metids  to  3.1  fen-  liie  more  duotile  ones,  between  the  resiatance 
due  to  shock  with  a  falling  weight  of  16.6  pounds  and  that  due  to  slow 
tensile  straiB.  Contrary  to  my  expectati<His,  in  no  case  was  the  shock 
Koatwtoe  leas  than  the  other.     (See  Table  VI.) 

The  rapture  of  the  materiai  was  generally  in  the  ease  of  shook,  as  in 
the  case  of  alow  strain,  determined  by  the  titmgatioa.  For  the  same 
metal  the  total  elongations  in  both  cases  were  approximately  equal,  and 
so  were  the  areas  of  rupture. 

OoMpora^Mw  ummjK»rteNC«  ff  iAw  test. 

The  close  pwalleliam  existing  between  the  results  derived  fh>m  this 
test  uid  thoae  obtained  from  the  tensile  strain,  together  with  the  advan- 
lages  which  the  latter  method  affords  of  wattling  the  behaWor  of  the 
metid  while  "  on  the  rack,"  not  to  apeak  of  the  neoessarily  tentative  pro- 
cess required  in  determining  thia  form  of  resistance,  led  me  to  attach  ■ 
but  a  secondary  importance  to  its  results  and  to  prefer  more  thMi  ever 
the  indications  given  by  the  alow  tensile  strain. 

Tablb  III, 

Remitanee  to  falling  treigkl  or  16.5  jwuxilf. 
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m.  SHBABUfO  TEST. 

Object 

It  was  thought  that  the  tendency  of  the  metal  to  shear,  as  deecribed 
on  page  672,  might  be  predicated  from  its  behavior  under  a  punching 
pieas.  This  arrangement  shown  in  Fig.  2,  Plat«  in,  was  accordingly 
devised  fw  this  purpose. 

Apparatus. 


i  of  a  cylindrical  honsing  of  cast  iron,  bored  through  and 

btubed  for  a  half-inch  punch  and  die.  The  sliding  weight  of  3  pounds 
is  trt  fidl  (mm  iucreasiag  heights  upon  the  punch  until  its  energy  is  just 
soffidait  to  drive  tiie  punch  through  the  metaL    Thia  enragy,  expressed 
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in  foot-poandfi,  is  then  taken  as  the  shearmg  value  of  the  metal  The 
diameter  of  punch  =  0".5  was  selected  on  accoont  of  its  cLoee  approxima- 
tion to  the  diameter  of  the  cartridge  at  the  shearing  point,  viz,  under 
the  head. 

In  order  to  make  the  rejsulta  aa  closely  comparable  ae  possible,  care 
was  taken  that  the  punch  and  the  die  should  always  be  sharp.  Weights 
of  7  and  9  pounds  were  also  used,  with  consistent  results. 

Sloio  hgdraulie  pressure. 

It  was  at  first  attempted  to  compare  these  resistances  under  the  citcnin  - 
stances  of  hydraulic  pressure,  but  the  rate  at  which  the  pressure  was 
applied  exercised  so  important  an  influence  upon  the  result  that  this 
course  was  abandoned  and  was  replaced  by  the  method  of  an  invariable 
blow.  The  actual  pressure  necessary  to  punch  the  Moffet  copper  was 
found  to  be  about  1,600  pounds  under  the  hydraulic  press. 

General  discussion  of  results. 

These  resistances  give  some  idea  of  the  value  of  the  metal  against  the 
shearing  strains  of  the  exiilosion,  provided  that  it  is  not  so  weak  trom 
other  causes  as  to  burst  in  the  head  or  flange  before  its  full  resistance  to 
shearing  can  be  developed.  For  example,  brass  lias  a  high  shearing 
value,  but  its  bending  value  (see  Art.  IV)  is  so  low  as  to  cause  it  to 
burst  and  the  gas  pressure  to  be  reduced  before  the  full  shearing  re- 
'  sistance  can  come  into  play.  By  preventing  tliis  bursting  by  means  of 
an  interior  gas-check  the  great  strength  of  the  material  may  be  fully  de- 
veloped. 

Tablx  rv. 

SuUtaitee  to  thtaring. 
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Ofejwrt  of  test — Operation. 

In  order  to  approximate  to  the  structural  change  due  to  close  bending 
under  pressure  in  the  heading  machine,  strips  of  the  met^  were  cut  0".25 
wide,  and  about  2"  long,  and  having  been  doubled  over,  were  squeezed 
to  a  tight  fold  imder  hydraulic  pressure.  To  do  this  requured  about  1,;KM) 
pounds  pressure,  appUed  over  an  area  0".26  by  0".75.  The  cloae^-folded 
siiecimens  were  then  removed  and  opened  slowly  by  hand.  A  certain 
point  was  generally  found  at  which  the  metal  was  felt  to  give  way  and- 
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denly  vifh  a  kind  of  crack,  showing  that  the  usefW  resistance  of  the 
metal  was  overcome.  The  opening  might  he  continued  a  Uttle  further 
without  abaolute  separation  taking  place,  but  nevertheless  it  could  be 
plainly  felt  when  the  life  of  the  metal  was  gone. 

The  angles  of  opening  at  which  the  yielding  occurred  are  shown.  (Tar 
MeV.) 

That  of  thin  st«et  was  difficnlt  to  obtain  exactly  owing  to  the  difficulty 
of  starting  the  angle  from  the  inside  edge  of  the  fold.  There  was  an 
ahuost  irresistible  tendency  to  open  around  a  secondary  line  about  0".l 
above  the  fold.     (See  Test  Record.) 

The  apparent  strength  due  to  this  peculiarity  must  account  for  the 
discrepancy  between  the  resnlts  given  in  Table  Y  for  the  different 
thicknesses  of  steel. 

Table  V. 


General  value  of  bending  test. 

With  this  exception  and  that  of  annealed  brass,  elsewhere  noted,  it 
will  be  found  that  the  bnrstiiig  of  cartridges  in  the  fold  can  generaUy  be 
expected  where  a  low  angle  of  opening  is  found.  See  the  case  of  pure 
copper,  which,  oTving  to  its  proverbial  8tring;inefis,  was  fully  expected  to 
have  a  high  value  under  this  test,  but  which,  when  fired,  burst  badly. 
So  that  with  this  test  to  weed  out  materials  liable  to  burst,  and  the  test 
for  tensile  strength  to  compare  those  liable  to  shear,  it  would  seem  that 
definite  expectations  might  be  reached  before  a  single  cartridge  should 
be  made. 


To  return  to  the  results  of  the  tensile  strain.  (Plate  VII.) 
These  results,  regarding  either  extreme  resistance  or  extreme  ductility, 
exhibit  at  once  a  striking  want  of  harmony  with  the  indications  of  the 
^prouvette.  The  (statically)  strongest  of  all,  the  brass,  bursts  with 
nearly  the  same  charge  required  to  shear  the  Moftet  copper,  the  weakest 
of  all  in  ultimate  strengtii ;  and  brass  which  is  (statically)  weakened  by 
anneahng,  absolutely  gains  in  powder  strength  by  the  change.  (Com- 
pare also  steel  and  copper.) 

The  Merchant  metal  is  of  the  same  or  greater  powder  strength  than 
the  annealed  brass,  which,  however,  fur  exceeds  it  in  statical  strength 
and  ducHlitg. 

Ag  to  ductility. 

The  range  in  ductility  when  imder  the  same  strain  is  very  great.  For 
example,  the  Martin  steel  wiU  stretch  nnder  a  weight  of  1,100  jmunds. 
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the  lowest  straiu  giving  it  a  measnrable  extAoaioD,  aboat  ^  as  mnch  as 
the  Moffet  copper  undei  the  eame  stram.  Kearly  the  same  rehitiiMi  ex- 
ists in  the  case  of  brass. 

Siinilar  resnlte  are  obtained  by  drawing  the  line  of  comparison  paral- 
lel to  the  axis  of  ordinates.  The  Moft^t  copper  stretches  as  much  at  900 
poonds  as  the  brass  does  at  1,450  or  the  steel  at  1,550. 

CominnatioH  <^  length  and  ductiUly  for  mmgarwm. 

It  appeare,  therefore,  that  for  the  effective  eompariBon  of  these  mate- 
rials we  ahonld  cottsidw  their  corresponding  resistances  and  elongation 
ioQeiher,  by  regarding  the  areas  included  mtween  the  curves  and  the 
axis  in  the  direction  of  which  the  elongations  are  produced,  \iz,  the  axis 
of  abscisses. 

ArvK%  of  (wrvw. 

Tliese  areas  are  called  by  General  Itodman  (see  Experiments  on  Metals 
for  Cannon  and  Cannon  Powder,  page  171)  expressions  for  the  caiiacity 
for  work  of  the  epecimens  in  question,  in  that  they  represent  the  work 
done  by  the  specimen  in  resisting  the  breaking  force.  By  other  writers 
since  General  Bodman,  Thurston  and  others,  they  are  called  expressions 
for  the  reailienoy  of  the  specimens,  reaihency  being  a  quality  compounded 
of  tensile  strength  and  ductihty ;  for  example,  of  two  beams  undergoing 
transverse  strain,  that  is  the  most  resilient  which  will  bend  most  under 
the  greatest  load  without  breaking. 

Unin^portanoe  of  ootutdering  vlHtnate  resilietuie. 

It  is  evident,  from  the  flattening  of  some  of  these  carves  in  their  tenni- 
nal  portion,  that  after  a  certain  strain  but  slight  real  resistaoce  is  en- 
countered, and  that  the  prolongation  of  the  curve  is  merely  due  to  tiie 
final  slipping  of  the  particles  over  each  other  before  letting  go.  But 
this  extension  of  the  curve,  in  consequence  of  its  being  so  nearly  parallel 
to  the  axis  of  abscisses,  adds  disprop<HtioDat«ly  to  its  appfU'^it  sb<ength, 
as  indicated  by  the  area  of  resilience. 

Eegilienee  witkin  elastic  limit. 

So  that  in  engineering  practice,  for  materials  to  be  used  in  constmc- 
tion,  the  most  important  resilience  is  held  to  be  that  taken  at  the  elaetio 
limit  of  the  material. 

Another  reas<m  for  not  regarding  the  total  area  of  resiUence  of  the 
metals  is  to  be  fonnd  in  the  ^t  that,  notwithstanding  the  great  differ- 
ence in  their  conduct  under  strain,  with  four  exceptions  these  areas  are 
approximately  equal.  (See  Table  VL)  These  exceptions  are  found  in 
the  two  specimens  of  brass,  in  the  pure  copper,  and  in  one  specimen  of 
steel. 

Determination  qf  limit  for  area  of  resffienae. 

The  apparatus  at  my  command  did  not  permit  so  nloe  a  {Mint  to  be 
determined,  and  I  was  therefore  induced  to  find  a  horizontal  of  compari- 
son by  reasoning  based  upon  the  indications  of  the  Bodman  pressure- 
gauge  in  the  firing  of  service  and  destructive  charges. 

For  example,  supposing  the  cartridge  case  to  yield  by  shearing,  as  ex- 
plained on  page  GT2,  let  us  seek  to  determine  the  pressoie  causing  tiua 
change  of  form. 
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Whatever  may  be  the  natnre  of  the  powder  foiee,  either  static  or  dy- 
namic, its  effects  are  clearly  interpreted  by  ns  statiha^  ;  and  the  lever 
press  osed  ^th  the  Hodman  gauge  may  be  the  same  d)~namometer  em- 
ployed to  determine  the  tensUe  resistance  of  the  material.  This  gives 
a  common  measnre  for  the  resistance  of  the  metal  under  such  "widely  dif- 
ferent strains. 

The  distance  c  d,  Plate  I,  Figure  2,  in  a  standard  cartridge  measures 
0".037=L  Supposing  the  cartridge  to  be  so  firmly  supported  from  the 
rear  that  this  space  cannot  be  increased  by  the  recoil  of  the  cartridge 
nnder  the  influence  of  explosion,  the  shearing  of  the  cartridge  will  be  due 
to  the  radial  pressure  of  the  gas  upon  the  interior  surface  of  a  cylinder 
whose  diameter  is  that  of  tJie  cartridge  at  d,  and  whose  height=c  d=l. 

The  eflFect  of  this  pressure  is  to  bend  the  walls  outward  around  the 
line  shown  at  c,  as  an  axis. 

ConsidenQg  an  elementary  ptfftion  of  the  interior  snrfece  of  the  cyl- 
iuder,  calling  the  gas  pressure  P,  and  supposing  it  to  act-  nDtfomly  on 
the  surface,  it  may  be  supposed  to  be  ooooentr^ed  at  its  middle  point ; 
hence  its  moment  will  be  equal  to 

^   2  2^ 

The  expulsion  dne  to  this  pressure  will  be  resisted  by  the  edge  of  the 
counterbore  at  e.  Calling  this  resistance  Q,  its  moment  will  be  Q',  and 
equating  moments 

The  shearing  point  will  ^eo  be  determined  by  the  thickness  d  e ;  by 
Ute  form  of  the  edge ;  aad  probably  by  other  oirctunstanoes  afGBcting  the 
combnstion  of  the  charge. 

By  determining  experimentally,  by  meuis  of  the  Bodman  pressnre- 
gauge  and  dynamometer,  a  statical  measure  of  the  lowest  pressure 
Kqnired  to  effect  tliis  shearing,  we  may  compare  the  extreme  strains 
imder  which  rupture  takes  place  both  in  the  gun  and  in  the  testing 
machine,  and  so  obtain  a  co-efficient  expressing  &e  greater  or  less  resist- 
ance of  Uie  material  under  powder  pressure. 

Statieal  value  of  sa-vice  charge. 

By  then  applying  this  co-e£B(»ent  to  tbe  pressure  obtained  with  the 
Mrrice  chwge,  we  may  determine  a  certain  tensile  strain,  under  which 
tlie  behavior  of  various  cartridge  metals  may  be  discussed  as  if  under  the 
actual  conditions  of  service. 

In  practice  the  foregoing  assnmptions  are  modified  as  follows :  tjie 
diRtance  ed  is  never  «=  O".037,  but,  owing  to  the  depth  of  the  counterhore 
and  to  the  setting  back  of  the  hreech-block  under  the  influence  of  the 
discharge,  is  always  greater  than  0".037.  In  the  gun  used  here  for  prov- 
ing ammomtion  it  is  (>".076  —  0".03  —  0".405. 

Ib  tbe  testing  matdiine  the  resistance  is  predicated  on  a  specimen  with 
asection  1".0  x  0".03.  To  obtain  the  corresponding  pressure  in  the  gun, 
that  is,  the  shearing  pressure  along  one  inch  of  tlie  edge  of  the  counter 
bore,  we  must  multiply  the  pressnre  per  square  inch  at  d  by  the  length 
e4  =  I ;  Mid  to  reduce  this  to  the  condition  of  thickness  of  metal  existing 
in  the  case  of  the  machine  tensile  strain  the  i)rodiict  must  be  increased 
one-fifth,  as  the  metal  at  the  shearing  point  is  only  0".025  thick.    Con- 
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seqneutly,  the  statical  value  of  any  Bhearmg  powder  strain  may  lie 
deduced  m>m  the  formula: 

Formula  for  statkal  value  of  shearing  powder  gtrain. 

8=   6PI^  3Pi 
5x2         5       ' 
in  wbicliP  is  the  indicated  pressure  per  square  inch  of  the  fired  charge, 
and  I  is  the  length  in  inches  of  the  cylindjical  space  above  referred  to. 

Ultimate  remtenoe  in  gun. 

To  determine  the  ultimate  resistance  of  the  service  case,  I  flrwl  two 
cartridges  loaded  with  88  grains  of  English  rifle  powder  and  one  ball, 
flx)m  the  rifle  used  here  in  proving  auiuiimition. 

The  rifle  measured,  before  firing,  0".075  between  the  face  of  the  breech- 
block and  the  bottom  of  the  counter-bore.  Two  cartridges  of  Moflet 
copper,  loaded  with  88  grains  of  rifle  powder  and  one  bullet  of  405  grains, 
were  fired  in  it;  one  cartridge  stood  and  one  slteared;  showing,  if  no 
change  had  occurred  in  the  counter-bore  space  in  cousequence  of  the 
firing  of  the  first  cartridge,  that  this  was  the  lowest  chaise  developing 
the  idtimate  strength  of  the  case,  within  the  limit  of  the  material's  vari- 
ation. 

The  counter-bore  space  was  measured  after  the  firing,  and  found  appa- 
rently unchanged. 

Compression  of  parts  of  system. 

The  cartridge  which  stood  the  charge  was  measured  ftom  the  impres' 
sion  left  by  the  edge  of  the  coimter-bore  to  the  highest  point  of  the  head- 
This  distance  was  found  to  be  0",087,  showing  a  compression  under  the 
strain  of  the  explosion  of  the  parts  of  the  breech  mechanism  =  0".087  — 
0".O75  =  0".013. 

Effect  on  gun. 

This  compression  was  sufficient  to  raise  the  hammer  to  the  half-cock 
notch  by  the  bfting  of  the  firing-pin  guard.  The  cam-latch  stood  at 
about  30°  toward  opening. 

The  area  operated  uijon  by  the  gas  pressure  to  produce  shearing  is 
determined  by  I  =  0".087  -  0".03  =  0".057. 

P  was  determined  exiierimentally  by  the  Bodmau  pressure-gauge  at 
about  37,600  pounds.  The  cut  exceeded  slightly  the  limits  of  the  dynam- 
ometer. 

(yoTE. — lu  this  experiment  the  oonnter-bore  space  being  invariab1y= 
0".070,  from  the  character  of  the  fixture  in  which  the  pressure  housing 
was  held,  there  was  no  sign  of  rupture  of  the  metal.) 

Consequently,  S  =  ?  (37,500  x  0.057)  =  1,283.5  pounds,  very  nearly  the 
ultimate  strength  of  tne  material  as  foiuid  from  the  testing  machine,  vie, 
1,100  jmuuds.  Hence  the  co-efiScient  of  comparison  may  be  taken  =  1. 
This  accordance  goes  far  to  substantiate  the  theory  of  the  Kodman  pres- 
sure-gauge. 

The  difference  of  1S2.5  pounds  may  easily  be  attributed  to  the  tangen- 
tial strength  of  the  cylinder,  to  inaccuracies  of  measurement,  and  to  the 
cireumstMicea  detailed  above. 
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AppUeation  to  tereice  charge — Ahteiasa  of  comparison  at  700  pounds. 

la  practice  mth  tlie  service  charge  tlie  gun  seta  back  to,  say,  0".075' 
tben  I  =  .(Mo.  The  pressure  25,000  pounds,  aud  8  =  675  jmimds ;  this 
gives  as  then  a  fair  co-ordinate  of  comparison  for  the  conditions  of  prac- 
tice. CalUng  it,  for  safety,  iu  round  numbers  700  pounds,  we  obtain  the 
areas  of  resiheuce  given  in  Table  VI  under  the  head  of  inch-i>ounds  re- 
silience np  to  700  pounds  strain.  These  are  convenient  numerical  expres- 
sions for  the  continuous  ductility  of  the  metals  under  considsratiou,  up 
to  the  critical  700  ponuds  strain. 

Table  VI. 


— 

»-. 

UCKhUlt 

HoO^tt 

copper. 

8t««I. 

xn. 

„. 

1 

1 

-5 

i 
I 
a 

1 

5 

1 

9 
1 

i 
I 

"1 

1 

1 

1 

i 

1 

S 

i 

■ 

1 

a 
1 

1 

1 

i 

Brrskiig  tmalls 
ToUI  floDg^on 

2S+ 

20 

2S 

a 

23 

24 
1400 

.DOM 
20.4 

4.M 

Tl.l 
S.ft 

12 
1400 

017 
*70 

s.s 
(tm 

a 

"' 

.0022 
<11B 

i.e 
w 

10UO 

I.IK 
.0031 

2S.B 

ss.s 

n 

8.00 
2T» 

ioso 

ii:4+ 

S.U 

isoft 

0.28 

.oo2e 

25. S 
IB 

TO  .2 

28SO 

isool 
as, 

.0032 
25 

1100 

0.2»< 
.0*1. 

21 

80-0 

MO^H 

R 

1»00 

nitnite  ri'sElience, 

pDDiidt    lo    TOD 
poimdiL 
SbDrkr«Ill(a«.fbDt. 

ss^ 

.... 

i.ie 

20.11 
2.03 

SS.O 
2.04 

ilo. 

Comparing  the  indications  given  by  these  curves  and  the  bending  test 
with  the  results  of  firing  in  the  ^pronvette,  the  following  deductious  may 
lafcly  be  drawn ; 

GEITEBAL  DEDUCTIONS. 

Predication  of  metals  apt  to  burst. 

1.  That  with  metals  of  standard  form  and  section,  having  at  700  pounds 
strain  ao  area  of  resilience  less  than  10  inch-])ounds,  and  openiug  after 
twuding  at  leas  than  200°,  rapture  is  apt  to  occur  from  bursting  in  the 
^ge — a  failure  which  can  only  be  remedied  by  the  use  of  interior  gas 
(^ke,  since  increasiug  the  thickness  of  the  metal  will  probably  only 
increase  the  likelihood  to  rupture  from  bending. 

Predieation  of  metals  apt  to  shear. 

2.  In  cartridges  parting  by  shearing,  however,  it  has  been  proved  by 
experiment  that  the  strength  is  increased  in  proportion  to  the  thiekuess 
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of  the  walls  at  tlie  BbeanngpointjcoDseqHentlf,  in  metal  dactile  enoagli 
not  to  be  subject  to  the  former  intractable  defect,  the  taak  of  stren^li- 
ening  the  cartridge  becomes  companttively  a,  simple  one,  as  it  merely 
iiivolves  thickening  the  walls  to  the  full  extent  allowed  by  the  special 
ooiiHtructi<Hi  of  the  cartridge  case.     (See  Appendix,  page  GSl.) 

Note—- An  exception  to  this  rule  appears  in  the  case  oi  annealed 
brass,  which,  notwithstanding  its  low  area  of  i«silienee  at  700  pounds 
and  its  low  augle  of  opening  after  bending,  yet  behaves  in  the  ^pron- 
vette,  when  annealed  after  heading,  precisely  as  does  the  far  more  dnotile 
Mott'et  metal.  This  presents  an  anomaly  which  can  only  be  explained 
by  a  more  protracted  research,  from  which  I  was  unfortunately  debarred 
by  a  tack  of  the  necessary  material.  Annealing  the  head  of  the  brass 
cai-tridge  before  priming  it  also  seemed  to  increase  it«  streugtji  greutly, 
with  but  little  resifitance  to  extraction  from  sticking. 

Comparative  valve  of  merchant  and  Moffet  copper. 

3.  The  merchant  copi>er,  judging  from  theindicationsofthe^prouvette, 
is,  if  anything,  a  little  better  than  the  Moffet  copperj  and  consequently, 
if  we  should  neglect  the  teachings  of  the  wide  expenenoe  of  the  depart- 
ment with  the  latt«r  metal,  might  be  preferred  to  it  as  a  standard.  Its 
lower  bending  value,  however,  285°  r«,  3W  +,  seems  to  render  it  pos- 
sible that,  on  an  extended  trial,  cartridge  cases  made  frt>m  it  might  be 
found  apt  to  burst  in  the  fold.  It  is  alsoapparentlylessunifonn.  (See 
""  ' '  B II.)    Its  greater  hardn*  "         '    "  '    ■ 


Table  II.)     Its  greater  hardness  may  increase  the  coat  of  manofitcture. 


Taking  everything  into  consideration,  I  am  inclined  to  think  that  a 
metal  having  a  bending  value  of  360°  4-,  ^th  an  ultimate  strength  of 
about  1,200  ]>ound8  and  an  ultimate  extension  of  about  0".30,  and  having 
an  area  of  resilience  at  TOO  pomids  of  about  20  inch-pounds,  would  be 
apt  to  give  the  most  satisfactory  results. 

Note. — The  Moftfet  and  merchant  cur\-e8  themselves  give  limits  within 
which  good  work  will  almost  certainly  follow. 

Minor  charaeteritUei  ofg«od  cartridge  metoL 

If  with  the  above  conditions  can  be  harmonized  a  resistance  to  tensile 
shock  applied  through  a  falling  weight  of  16,6  pounds  of  about  3.2  times 
the  ai-ea  of  resilietice  due  to  tensile  strain ;  and  a  punching  resistance  to 
iwnetration  by  a  falling  weight  of  3  pounds  operating  on  a  sharp  half- 
inch  punch  and  die  of  about  4.0  foot-pounds ;  and  if  the  areas  of  niptnre, 
due  to  tensile  strain,  be  found  about  66  per  cent  of  the  caiginal  areas 
of  least  resistance ;  then  it  may  be  said  that  the  beet  metal  has  been 
found  for  the  ibanufaetnre  of  the  service  cartridge. 

Beq»e»tfor  a  Thtiraton  testing  maekiriA 

I  hope  that  the  apparent  dogmatism  of  these  remarks  maybe  tlionglit 
due  to  nothing  but  to  my  desire  to  express  concisely  the  teachings  of 
the  experiments  I  have  herein  described.  The  apparatus  used  in  them 
is  of  the  rudest  character.  Its  entire  cost,  aside  from  that  of  old  mate- 
rials and  tools  utilized  for  its  purpose,  was  about  J30. 
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lliere  is,  therefitre,  a  possibility  of  error  in  tiie  premjsea  from  wtuch 
the  conclusions  above  stated  were  deduced. 

If,  however,  no  greater  fault  in  the  method  adopted  in  the  inquiry 
ghmild  be  revealed  by  the  light  of  criticism,  I  would  advise  the  prosecu- 
tion of  these  inquiries  with  a  more  delicate  testing  machine,  capable 
especiaJly  of  regarding  the  circumstances  of  tensile  strain  below  700 
poBDcls. 

I  am  now  in  correspondence  with  Professor  Thurston,  of  the  Stevens 
Institnte,  in  regard  to  the  adaptation  of  his  torsional  testing  machine  to 
the  examination  of  sheet  cartridge  metals,  and  he  has  now  in  hand 
specimens  of  the  different  materials  herein  discussed.  If  be  should  be 
able  to  aher  his  machine  so  as  to  obtain  as  good  and  interesting  results 
as  those  reported  in  hia  experiments  with  specimens  of  the  ordinary  cir- 
cnlar  section,  I  would  urgently  advise  its  purchase.  There  is  no  other 
method  knou'n  to  me  whereby  the  circumstajices  affecting  the  life  of  a 
specimen  undergoing  strain  can  be  so  accurately  determine  as  from  the 
aotobiography  which  the  Thurston  machine  records.  I  believe  such  a 
machine  would  be  of  very  general  value  throughout  the  department,  It 
IB  much  osed  hy  the  Pennaylvania  Rfulroad  Company  and  others. 

Ckemical  anaXyait. 

In  combination  wilb  this  I  would  advise  a  chemical  analysis  involring 
fpecific  grarlties  of  the  various  metals  herein  reported  on  or  to  be 
hereafter  tried.  I  am  informed  that  the  laboratory  at  Watertown  Ar- 
aenal  is  well  prepared  for  such  investigations. 

To  give  a  categorical  answer  to  the  inquiry  eliciting  this  report, 
I  woald  respectfully  report  that  I  find  that,  except  the  Moffet,  the  Mer- 
cliant  copper  is  the  only  metal  tested  which  I  consider  suitable  for  the 
mauufkcture  of  the  service  cartridge.  A  possible  exception  to  this,  as 
already  suggested,  may  exist  in  the  case  of  brass  annealed  in  the  head 
liefore  priming. 

In  connection  with  this  report  are  submitted  drawings,  plates  I  to 
VIII,  inclusive,  and  an  abstract  from  the  record  of  tests,  giving  the  data 
from  which  the  conclusions  above  mentioned  were  derived 


APPBUBIX. 

It  was  found  necessary  to  determine  whether  it  was  safe  to  assume,  in 
constracting  the  preceding  curves,  that  a  correction  should  be  made  for 
elipht  differences  from  the  standard  (thickness  of  O".O30),  by  increasing 
or  diminiahing  the  indicated  strains  in  proportion  to  the  sectional  areas 
of  the  specimens  tested. 

Accordingly,  specimens  of  Mc^et  copper  of  the  standard  form,  but 
vaning  in  thickness  trom  0".037  to  0".025,  were  tested. 

ftom  the  results  obtained  nnder  tensile  strain  the  curves  a  f,  Plate 
VIII,  were  plotted,  as  for  the  standard  thickness,  by  diminishing  or 
tDCT^sing  tue  strains  corresponding  to  the  various  elongations. 

At  the  name  time,  in  order  to  ascertain  the  variation  tetween  different 
strips  of-the  same  lot  of  copper  and  between  different  lota  of  copjier,  the 
curves  d  and  e  were  deduced,  e  being  from  old  copper  that  ha<l  been 
about  the  shop  for  many  months  or  years.  Preceding  cu^^-ea  had  all 
Wn  plotted  from  the  mean  results  of  several  specimens  taken  from  the 
Kuue  ^eet  of  copper. 
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It  appears  that  the  following  conclusions  may  be  drawn  from  the  ex- 
amination of  these  curres: 

That  it  is  not  safe  to  act  uiMin  the  assumption  above  noted,  not  only 
on  account  of  the  extent  of  accidental  variations  between  various  ei)ed- 
mens  of  pi-esumably  the  same  origin,  but  also  on  account  of  a  certain 
intrinsic  strength  which  appears  to  ]>ertain  to  small  sections. 

The  exi)eriuients  have  not  been  sufficiently  extended  to  make  these 
conclusions  positive,  but  it  seems  as  if  the  skin  of  bard  metal  resulting 
from  rolling  must  probably  be  of  nearly  the  same  absolute  thickness  in 
any  metal,  and  hence  of  greater  proiwrtionatc  thickness  in  the  thinner 
metals. 

As  much  of  the  strength  of  the  metal  results  ttom  the  resistance  of 
this  skui,  the  greater  proportionate  strength  of  the  thin  metal  is  prob- 
ably explained. 

Examplea:  The  actual  cune  (not  plotted)  of  0".031  copper  is  below 
that  of  curve  c  of  tlie  0".U30  section,  and  by  assimilation  it  is  neces- 
sarily still  further  reduced  to  a  position  below  that  of  any  other  tliick- 
ness.  An  examiuation  of  the  steel  cur\'ea,  Plate  VI,  confirms  these 
opinions.  The  ciu:ve  a,  Plate  VIII,  opposes  them.  This  may  be  due 
to  the  fact  of  this  copi>er  ha\iug  been  made  for  a  special  form  of  re- 
loading cartridge. 

The  curve  d  shows  that  it  is  reasonably  safe  to  take  the  results  from  a 
single  sheet  as  tj~pical.  The  curve  e  would  indicate  either  that  the  man- 
afactnrer  has  recently  increased  the  stiffness  of  the  mstal  or  that  its  ini- 
tial tension  is  relaxed  by  time. 

The  cur\'e8  g,  h,  i,j,  I;  Plate  VIII,  seem  generally  to  confirm  these  opin- 
ions.   As  a  rule,  the  smaller  the  section  the  stiffer  proportionately  is  the 


The  curved  pieces  give  stiffer  results  than  the  straight  ones,  but  nat- 
urally tlie  latter  give  vastly  greater  ultimate  extensibility. 


In  order  to  test  the  theory  of  resistance  enunciated  on  page  678, 1  fired 
from  the  ^prouvette  several  eup-an\Tl  cartridges  made  from  reloading; 
cartridge  metal  i)".037  thick,  in  comparison  with  the  service  cup-an\-il 
cartridge  ma<le  from  0".030  metal. 

Calling  the  distance  c  (/,  Plate  I,  Fig.  2  =  1,  and  the  thickness  de  =  t, 
the  relative  strength  of  the  cartridges  will  be  expressed  by  the  formula 

•=f 

In  the  service  cartridge  ( =  0" .025— and  for  I,  cartridge  head  space, 
=  0".70 .-.  I  =.070—030  =  .040. 
In  the  thickened  cartridge  (  =  0".03  and  I=.07O  — .037  =  .033. 
.  =  ^..626.    ^=|=.909 

»  :  s*  ::  625  :  909. 

Owing  to  certain  changes  in  the  ^prouvette  the  service  cartridge  on 
this  occasion  sheared  at  17  grains  of  Enghsh  rifle  iwwder.  Supposing 
the  increaae  in  pressure  to  be  directly  proportionate  to  the  charge,  which 
for  small  variations  is  approximately  true,  the  strength  of  the  thickened 
cartridge  might  be  deduced  from  the  proportion 

«:«'::  625  :  909  ::  17  :  x.     a;  =  24.7  grains. 

By  experiment  one  thickened  cartridge  sheared  at  25  grains,  four 
others  filling  the  recess  by  swelling  so  as  to  prevent  shearing.  Experi- 
mental Record,  Frankford  Arsenal,  p.  75. 
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HEASTJBING  WHEEL. 

The  little  instrament  shown,  Plate  IV,  Fig.  1,  was  adapted  to  the  eon- 
reDJent  measurement  of  the  areas  of  reBilience  by  the  following  additions 
to  the  ordinary  opisometer: 

The  edge  of  the  frame  was  graduated  so  as  to  show  directly  the  num- 
ber of  inches  traveled  by  wheel  to  within  the  length  of  one  turn ;  frac- 
tious of  tarns  coidd  be  read  from  the  side  of  the  wheel.  Both  readings 
could  be  accurately  made  by  means  of  the  traveling  pointer  shown,  which 
alao  sen'ed  as  a  datum  point  in  taking  the  sum  of  a  number  of  discon- 
nected lines. 

The  mode  of  using  the  instmment  was  as  follows :  The  wheel  was  run 
over  all  the  ordinates  of  the  curve  in  succession,  starting  and  stopping 
tlie  wheel  in  every  case  with  the  pointer  on  the  end  of  the  line. 

The  total  reading  in  inches  divided  by  4  gives  the  area  in  foot-pounds. 
For  calling  I  =  length  of  sum  of  ordinates  in  inches,  and  n  =  number  of 

ordinates,  —  equals  length  of  the  mean  ordinate  in  inches.    As  the  scale 
is  3  spaces  =  one  inch,  —  x  3  =  number  of  space  sin  mean  ordinate ; 
aod—  x3xn  =  3I  =  area  of  curve  in  squares  s  inch-pounds. 
For  foot-pounds  divide  by  12,  or  :t7;  =  -^^ «  area  in  foot-pooads. 


.y  Google 


140 


EEPOBT  OF  THB  CBIEF  OF  ORDNABCE. 


liUii 


'ua^Sap  q  Soinado 


■«om 


■mug  JO  itymji 


■cnttnq  jo«niT 


'fpniwl-f ixq  jwi 


™*^-,= 


itoiqjojdqnniH 


I  } 


_11 


viniaKq  JO  «uy 


•3«q  JD  ■Do^manqQ 


joooimiBiiii        s3gS§§S5    |3SS22^    SSSissI    58SB§S§ 


■^^^u^s\  liiiiii  iii§iii  si|gin  i^iiiii 


JO  eon   00  aaoiairaniK]; 


•laqomn  £i»iwo(i»i 


S  S  8     8 


I  I  11 

Hill  i.db,  Google 


I 


Mm 


i       :      S 

■   \  i 

•> 

i 
t 

III 

•  -- 

=    i 

5     5      ; 

e 

B                        S 

s 

?                        § 

i 

i            i 

sEzSlaSG      S83ls::!s      SBSS3::!S 

nmm 

TIFIiSiS    lillSiSI 

3          3 

8      S      8         8 

S     B     5        " 

I          ! 

^          ■? 

lilt 

1  |i  1^ 

i         i 

=     s 

I  i  i    * 

=     s     a       n 

a                    a 

3    i      I  I  I    I 


„  Google 


142        BEPORT  OF  TEE  CHIEF  OF  OBDNANCB. 


I  III 


i 

s 

II 

"  5 

5  s 

-l-l- 

- 

■l«,m,q8!9H|                                      •^■^'5    « 

'■'■            {   ; 

-inranoa  HI  iqS|(.il  | 

i   : 

■*jim»v  JO  •MT 

■».„,jo»o„a*^a|      sSSilsis 

mm 

is     i  s  s 

S    S       E    S    ^ 


■s  -s    I  -^  1^ 


'jwimnn  Ajoiaioq^ 


II  II; 

..Google 


SEPOBT  OF  THE  CHIEF  OF  ORDNANCE. 


=^^ 

i 

si 

32 

s 

&                    tf 

&                       e 

i.                  s 

6 

a               i 
i               3 

i 

*    liillHH  iiumm   1 

SsiiSisss     IslillSSSB 

iiiiiiSi     lllilHHI 

S      s              .       s                       s                     s                       s 

Id  b,  Google 


BKPOBT  or  TBE  CHIEF  OF  OKOHAlfCB. 


1 

Illllsli  1 

m 

1 
1 

■«««^n!8nnwdo 

-UD»UJ 

1- 

is^a 

i! 

,..,.-A..,l 

3 

S3 

■»99j  ni  %q»tau  \ 

: 

■*"I1J"-"^"nTN  ' 

i 
1 

.of™p*.np.HI                 S 

■ainiwUjoBMv  |               3 

i  i  1 

•WW 

fi  i  5 

i        i        8 

■o-.ijonomwiia 

s  s|  sSb  1        1        1 

.              1     — .   s;at   2 

,0  .pOBo.i-,00  J          -^:^^     5^^    «i               3              a 

■,«,1^)q8|»H              f 

3S.    IS.. 

S        5        3 

■jponodoiiqaiJii. 

=                s        a 

i 

■qt1iM«p9«ip9a 

■"">"«*'>•"▼ 

■dim 

■O„uo™l«til 

•^Hnudiqaims 

..^^■iiss^ 

'1                 ;         1        ■           15 

-           -                      -           -                        E    K 

1 

i 

i    1 
1   ^ 

1 

1                 ^ 

; 

.«,™„.,.^.r,        «            S                      3            3                        S    S 

1 

h 

i 

; 

i 

1 

i 

..Google 


REPORT   OP   THE    CHIEF    OF   ORDKANCE. 


im  m  lU 


"1    ^r 


IsssI 


i      ' 


TT^ 


i   1 

S     i     s 


s^ 

jjGoogle 


~s — a- 

I    i   i 


i  I 


EEFOBT   OF   THE   CHIEF   OF   OBDHANCS. 


1 

^+3       ■ 

Ik? 

I 

Nua>pqaDp»do 

■«D»MJ 

1 

T09BJ 

,..,.»,.., 

■>9«o,»q8i8H 

1 

1 

^S-WWPWIIIBH 

■«nv«jg;o'»»iT 

! 

■WDl 

5 

1 

■1 

tptraod^oojiwox 

e 

,..,.a..„:, 

1»ja,,qai8H 

s 

■»pm«.diii,ii8!9ji 

a 

t 

fCMnpoaDp^a 

2X3 

■amvmflJoWiT 

i              i 

■ain* 

i.                I 

i                1 

i 

mm=M!>.  isssssSsa  !=§!iS=Si. 

■^aoodaiOTUtS 

s 

igsillH  niriiiii  iiiiiiiii 

^^j^-s^ 

!         !         !         r 

■ 

1 

1           ^           ^           J 

-^onm£»,««l^  1       2                            3:2 

1 

^; 

I     i 

i 

..Google 


!i 


ilil 


ff 


'± 


U- 


rr 


1 


Win  f — i !- 


s~3 s — s 9 — r- 


„  Google 


HEPORT  OF  THE  CHIEF  OP  OKDNANCE. 


1 

Pi  11 

lis  iiuh 

3 

*}.u3^pn,Su,n^O  j 

s 

unmuj  1 

tc 

—1                i! 

JO      BpHllwf-lOOJ   1                                                                                                       V-; 

s 

TMI  OI  MB«H 

is 

,  Google 


:  OP  THE  CHIEF  OP  OHDNANCB. 


i 


I 


,11 


if 


if 


n 


m 


X^I=H= 


s  s 

::  ; 


?! 


44J 


nn;  H 


i  I  i 
1 


I      21      II      3     1 


BEPOBT  OF  THE  CHIEF  OF  ORDNANCE. 


i 

1 
1 

1 

1 

ft 

il 

A 

■mmui 

i 

■wa 

1 

i 

1 

fij  ■pnno^-toaj; 

■! 

natiJllUqSq^ 

s 

& 

■jioirijoMqiimN_ 

r: 

i 

1 

■OJOf 

■..„ti-n™«i 

■■pinu>d4«t|  I^t<M 

, 

JO  .patoS-ioo J 

■»««jnHH»i»H 

-apiRiDd  oi  iqgiijL 

! 

■«■««.  psjnpea 

S 

s 

s 

'UatDVqjDBMT' 

5 

s 

8 

8. 

i 

=fii8« 

llllli! 

8 

!si«iaa 

•»pmiod  ni  njUMs  1 

_ISIIii 

!S!,;il!S 

-amm^tu  msi 

5 

8 

3 

1 

■. 

if 
5* 

< 

i 

.»qilum£K>,.»q^ 

2 

s 

1 

1 

1 

1 

,:,ii.db,  Google 


REPOBT  OF  TH 

G  CHIEF  OF  OBDHAN 

i  a  1 

CE. 

151 

HIP 

IS        ■--   s 

• 

!    1    _^ 

* 

ill!    ill 

i.  So 

%%    88 

1.  5_ 

w^—^m 

8  8 

; 

— ! — ■- 

i               i     i 
MM 

le 

i       i      M    i 

iS 

;      ;     1     I 

9  -^ 

i      i     i     i 

3-^- 

— i — : — : — ; — ^ 

A 1 

S    2    . 

i    i 

\        : 

c                   C         : 

p 

8 

1 

i 

SssilsSI  ISijiiisS 

sssa 

»H!IS|  §lli!li| 

8                    8                      8    S   ! 

i    :                      mi 

8      8         8      8      8?         ! 

Mm 

;     i       if; 


1-4 


i 


II       t  i    i   % 


..Google 


BEPOBT  OF  THE  CHIEF  OF  ORDNANCE. 


1 

i 

■Marf9pnigaFU*do 

t 

Mi, 

. .._  i 

~ 

: 

« 

m-Mml 

1 

_ 



— 

JO.pODoi-JOOJ 

1MJ  ni  wSt»a 

"■anfqTSlwimils  1   '" 





^^- 



-8pim<Klaim»p.^  1 

i 
1 

■*"W»UJ  JO  •WT 

■0-,.TJouoi«i»n»X 

■»pmM»d-»i)0)tnoj, 

jo«pnDoi-,ooj 

■V^ann»\»R 

-jutpijojaqamM 

! 

-K'««[»H.i«a 

- 

X 

3 

l 

e 

■»ia»owj;o«»iT 

s 

s 

8 

-«w 

i 

i 

i 

'°^'°™'™°^ 

s 

■o„i;onot«o»»ia 

3§!s          sst:    s§!S    IseliS 

■.pmiodiqnimiiB 

III!         III!    Sin    IgUII 

!         !      !      2 

5                5          5          - 

1        . 

i 

1 

1 

i| 

I 

..Google 


BEPOBT   OF   THE   CHIEF    OF   OBDNAN'CE.  153 


1 

s 

; 

='i 

* 

'--i 

«s 

s 

:S2iSi  si: 

?              s 

i           i 

^    f     P 
1    1     li 

3    3     m 

i     E       S3 

g  i    1 

1    ^ 

1    S     3 

1    3     i 

s    s      s 

PC              e 

B          i               i 

1       i 
8       i 

ilnS    l§:s     li§iiS 

Hill  ill!  iiiiii 

"Ti   rr 


"ST 


I    I  I 

Hill  i.db,  Google 


154 


BEPOBT  OF  THE  CHIEF  OP  ORDNAHCB. 


1 

^ 

i 

1 

il 
li 

ft 

1 

1« 

i 

™»«u 

f 

■WDK 

;o  (paooa-tooj 

1«Jni*q8l9H 

i 
1 

-untxtvjomir 

■MDl 

jo.pnnodiooi 

1W;ui«iiB,aH 

■«o|qjoj*niniN 

-iip«n«Ii.„qS,.ii, 

I 

■W-^-pwnisa 

E                 &                 & 

2 

■MM»1HJJ0«»I¥- 

8              8              8 

■Bim 

S              t.              8 

s         i         i 

-o.„,jo„«,-^xa|   ||Ssigssiigs=sisS§2s§§a§ilie§?Ri 

^■.-«.=,=^,.|  miuu  u%u%n  m%m^  iiigsiiR 

s         §          g          s 

1 

1 

1 

, 

4 

■jaqnninfTOiiuoqiri 

S            8             5 

1 

q 

: 

s 
1 

1 

D,j,ii.db,  Google 


lilt 


If 

1 


;         i                       1                       S 

E    ;          3 

i       8                  i.                  i. 
;      1              s              i 

i   i       ! 

i  i      i 

Hill!  lilliliSi  llillliil  1 

aSsEISSS  stsbi 

§lllli!l  liilB 

f            i                   i                   § 

s 

4 — I- 


i      i 


..Google 


BEPOBT  OF  THE  CHIEF  OF  OBDNANCU. 


i 

3 

s 

j 

mil 
fiiiiiji 

1 

■ajsiB»pii,Sir,D»do 

■«i.««j 

— 

—'- 

- 

-  -  - 

nMjja 

,..,.:5i,... 

19^lllJq3(9H 

■spm.odmjqaT.iii., 

. 

1 
1 

■«ni  J"J  J"  WJT 

■ann 

■0„ljoao(mi8iia 

Trpmu)d*X9|iwi 

,..,.:a..,.i 

■»»JllIiqa!«H 

■ia.nnoda|,qg,.Jl 

I 

•M-Mnp«ap>H 

a 

s 

s 

a 

suDiaaqjovur 

s 

!3 

s 

■aim 

i 

i 

i 

i 

■o„ijoi».(TO»na 

3as3s:    islssa  sli%%ft  sIsiSsg    Sss 

-■panodiiiiiitvts 

S3i§|l   llllil  iillli  llgiiil   lis 

S                   8                 8                «                      S 

[ 

if 

s 

t. 

i     » 

-»q<im<i£i»tu«t*I 

i         i 

1 

tl 

1 

. 

s 

a 
1 

..Google 


4-^- 


I        J 


..Google 


BEPOBT  OF  THE  CHIEF  OF  ORDNANCE. 


1 

1 

liiiH         llllla 

1 

-«aj8apii|8iip»do 

■wnwaid; 

1 

■i*^s 

,0  spnnod-iooj 

T99(  m  tq8|aH 

■,^La  ^^1,^.2. 

1 
1 

■tial 

■()„uo>«'iwK.i»a 

;o  .po^oa-ioojl 

■3WJ  nnqSpH 

■»pniiodiiiiii)t|8ji 

4 
1 

-%  -wm  pmnpoH 

s 
s 

s 

■"ni**«  JO  "JV 

3 

1 

0„IjoiIo|raBjiH 

ItlgSSI  Issssisa 

■pmiodotiiiMls 

lilSII!  ilSSIIII 

!               ! 

1 

1      1 

i              1 

1 

§, 

1 

. 

Id  b,  Google 


1 


-H ^ 


5  i 


^ii«i  iSsi 


I     I 


4-i 


l^-r 


i 


n 


1 

5 


; 


^  I 


I 

..Google 


160         REPORT  OF  THE  CHIEF  OP  ORDNANCE. 


1 

1 

m 

F"     1 

1 
a 

i 

1 

BAuS  jp  n]  aajnado 

l!»Ba 

,.„.r.'3..... 

■)«j  Of  jqSiaH 

_ 

Tipnnodn)  majj.m 

.^- : . - — 





•^ 

■aimawjJoosiY-l 

1 

; 

,  1 

■O'„lj(nioi™»na 

■Bpnnodioojiwox 

■ 

,.„.:a....^ 

J 

199J  ni  tqSiea 

V 

-.pnoodiiiiiiaiBAi. 

I  JO  son  iio'«iaiiiieia|Q  | 


I  I 

D,„ii.db,  Google 


BEPOBT  OF  THE  CHIEF  OF  OBDNANCB. 


Si. 

1 

id 

r 

a 

g 

8 

e 
^ 

s 

i 

i 

a. 
s 

8 

i 

lisSss:      S33es:33  isSisss  isilssg 

lisi^ii    iiiiiH  ssiisii  iiisiis 

?      *    :    1 

J 

i 

4 

■ 

S           B       5 

i 

1 

1 

1 

..Google 


BEPOBT  OF  THE  CHIEF  OF  OBDNANCE. 


i 

J 

1 

III 

m 

f 

iw«39pa(ltiiia»do 

■»lnm«jj[ 

e>> 

■i»ara 

g        1  1 

5              S    s 

j«8p'*tr'*i,„„     ^       ri  " 

....n,».H|     a             =^   ^   1 

■Vi  -....IB  pi,.nt,Ja  ■ 

■ojntosy  ]o  «UV  1 

1 

-O'„ljono|iiiwt»a 

1 

,,.„«,„  „.i 

jnBpnuad]aa^i 

■»»j  en  iqa,3H 

-apauod  m  iqSja^  | 

1 

■()4-«apeoopi^j 

■MiMa«l()o.uV| 

■wni 

-.IMmod  u,  «,«4S 

i       i  e 

1 

1             •.   ' 

-j»qoma  ^KnsioiiFi 

s       s  H 

1 

% 

..Google 


,  Google 


,  Google 


.yGoogle  ■ 


,GoogIe 


*»-,*«,— «jr^r«*. 


..Google 


,  Google 


i 

■ 

' 

■ 

' 

' 

1-     ■"                     ! 

; 

' 

Wi- 

lt          ^- 

S           V 

n    \              ■ 

c     _                   : 

Uv 

VS      V-                   - 

^      •         u    t 

/^^==^r              x^  \ 

if     Vi^            I   %■■■.                    ' 

)]-           I  %^  I   -           '■ 

*^^-_-^;j            ^^^5            ; 

^^=^ '-         t    ^  1  ^ 

-^  ^    ^K              XvS                ■ 

A::,.^.        ^i:s        : 

\       l£:J                         ^  = 

.'.oogle 


,  Google 


PLATE  T. 

J                                                                                               I 

\ 

r 

E  ;;    1 

t  -.     1    -                    I 

i       i   -            -F  ' 

. 

[  I    ^ 

lit 

^         1    4      t 

J    ^      4 

"'hi 

t  5        - 

5^1 

J     ie    t-A 

t-    A    I 

^    ^    5 

A     vJvt 

^    A^^ 

X    ^S„ 

V  Ps^ 

S    J    m 

-                      ^^    K^                  '■ 

I         ^        X\r                                     '■ 

\        %        %                                     '■ 

__:!^f:^^b==:--: 

i       11-.-         '  - '     .  ...  ■ 

ib,GoogIe 


1 

i: 

1 

r 

i 

L 

t 

-  u        -i 

, 

1                    \Pl       'I 

u-i        3 

\M      1 

r       r                                 : 

M         1 

-E-      I 

Rn!   '      \ 

%      t                                 • 

ttn        \ 

-  1            ; 

feci 

J 

^rn 

V-4                                 r 

n           ■ 

I.          i_ 

4lt         ; 

«i  \        N 

31 

vS   X 

sx  -       ; 

2^^ 

At          ; 

ZL                ^^^ 

^         5 

r                     sN 

^S^       5v 

^  "^ 

^^s     ^       ; 

i                     i        .                 i 

i  i    i    i    i    j    :     ■ 

,  Google 


,  Google 


PLATO  VII. 

{ 

• 

: 

T             r 

T               \ 

'' 

T                 T 

1     ?     1 T 

:         :  jtr: 

'    '  t 

i^  I 

r-tti  - 

ilii  . 

U44  ^ 

44 

4 

: 

^  cu" 

W  "              ■ 

t  u" 

"    4                     '■ 

4    ^4 

1                    : 

^  s 

V4                      ■ 

l-l  4 

I   ^ 

tt     \ 

"^  t             ; 

\ 

\  vS 

Lav 

J  'i 

X   4v 

^  " 

"5  U^ 

t  ^- 

-\3cr             : 

s  ^», 

S    ^* 

:              1    ^ 

^^^^^v\        ; 

\ 

^^    ^vS\           ' 

:                ^^: 

'"''"'N'U 

:                     I 

.'.oogic 


,  Google 


:   ;   =      1      ' 

FLiTB  nn.- 

<     ~^s^ 

i 

^^s 

i            ^^ 

s^s 

'■          5  S^ 

^^f 

^           ^^» 

, 

wf' 

it                   - 

\"Ti  r 

it            ,        : 

\   ™\ 

E 

. 

p  \ 

X.  J  ' 

T 

\  \  ll 

T  J"        ■: 

\  \  V 

T  If 

I  i 

31      ~^_3 

li 

J  ¥              

1  1 11 

n  1        1     i    !  T  ■; 

nil 

ll          '-    '  ■     * 

-  ja  L_  '          I  B  Ji. 

111! 

.    ,   ■  *           \  III 

11  ll          '  .   •    ■ 

'    '    '        \  u 

\ir 

w, 

1  ll                   ,    M     .   -     -v 

■■  ■■ '         Ml 

Ul 

:::;;,                Ujl 

vHi 

'                'W\ 

1                                      I 

i 

T 

"' 

1  i 

,^ 

WW 

AU 

1 

\\\\ 

1 

Vi\ 

n 

\W 

Hi 

TV\ 

ti 

*^ 

uS^ 

^Ss         ;• 

?^5^      : 

t                                       i 

:     ' 

^'.oogle 


,  Google 


REPORT  OF  THE   CHIEF  OF  ORDNANCE. 


APPENDIX  O. 


{Three  plates.) 

National  Aemoby, 
Springfield,  Man.,  January  18, 1876. 

I  have  the  honor  to  report  the  results  of  experiments  eondaeted  at  the 
armory  for  the  purpose  of  verifying  and  explaining  certain  variations  in 
the  sighting,  or  angle  of  tight,  of  small-anus  when  fired  under  different 
conditions. 

The  qaestione  onder  consideration  have  a  direct  bearing  upon — 

L  The  best  method  of  sightiug  small-arms  or  establishing  elevations 
for  sight  graduations. 

ri,  IntOTchacge  of  ammunition,  as  provided  for  the  nfle  and  carbine. 

III.  "Fixed-rest"  practice  as  compared  with  "off-hand" firing. 

The  most  striking  anomaly  developed  by  this  investigation  was  first 
brought  to  my  notice  in  November,  1874,  and  in  March,  1876,  when,  in 
the  condnct  of  experiments  for  the  determination  of  powder  charges, 
weight  of  balls,  and  length  of  bore,  it  was  found  that  for  the  range  of 
33  yards  and  less  the  rifle  elevation  had  to  be  decreased  as  the  powder 
cb^ge  diminished,  in  order  to  strike  the  small-velocity  target  This 
uiomaly  was  quite  marked  for  the  interchange  of  rifle  and  carbine  am- 
Monition,  fired  from  the  carbine,  and  it  developed  in  this  arm  up  to  the 
range  of  300  yards,*  beyond  which  the  greater  remaining  velocity  due 
U)  heavy  powder  charges  overcame  the  anomalous  practice. 

THE    TBI  AT.. 

Practical  tests  were  made  for  the  purpose  of  ascertaining — 

I.  The  comparative  "  drop "  or  fall  of  the  rifle  and  carbine  cartridge 
balls,  for  various  ranges,  when  fired  &om  the  carbine  and  the  rifle. 

II.  The  actual  motion  of  the  muzzle  of  the  carbine  when  it  starts  from 
a  Htate  of  rest,  due  to  the  disturbing  infiuence  of  the  force  of  discharge. 

III.  The  velocity  of  the  ball  in  the  bore  of  the  carbine  and  the  time 
the  system  remains  connected, 

IV.  The  time  that  elapses  between  the  first  movement  of  the  muzzle 
of  the  arm  and  the  passage  of  the  ball  fh>m  the  bore. 

•Nimt.— Mpiritoftbu Times, NewYork, April  13, l(S7ri.—[Eilit«ri«! Extract.]—"  '  '  ' 
Urtfonl't  idea  of  the  lowerinK  '>f  the  elevation  through  the  Bpriajpag  of  the  rifle  from 
The  hJck  of  the  recoil  is  one  which  has  been  before  referred  to  in  the  Spirit.  It  u  for 
thii  rcMon  that  at  short  distancea  Bmall  charges  so  often  shoot  higher  tnan  large  onee. 
Our  military  readers  will  remember  the  astonishment  which  was  created  in  the  armory 
rifle  practice  of  the  National  Guard  of  the  State  of  New  York  a  year  or  bo  ago,  when 
it  was  fnnnil  that  nhella  loaded  with  tliirty-five  grains  of  powder,  at  150  feet,  shot  6 
inchM  higher  than  thoeo  loaded  with  seventy  Krains.  This  arose  frora  this  springinK  of 
the  rifle  barrel  downward  with  the  heavier  charge.  It  in  to  be  hoped  that  this  ebb- 
nsw  article  of  Mr.  Metford's  wil!  meet  with  a  cordial  reception  from  American  rifle- 
fH^.  They  ore  not  only  aniions  to  shoot  well,  but  "to  know  the  reason  why"  ;  and 
it  is  only  throngh  commnnicationa  of  this  description,  embodying  the  resnlta  of  years 
of  Kientiflc  experience  by  men  like  Mr.  Metford,  that  that  knowl^ge  can  be  aoqaired." 

The  rsoMt  inveetigation  of  W.  E.  Hetford,  C.  E.,  assiiua  a  practical  valae  to  this 
anomaly,  and  in  this  connection  attention  ia  invited  to  Uie  date  of  ezperimentit  at  the 
>n°orr,  cMablishing  the  path  of  the  muzzleof  amall-arms  under  the  farce  of  discbarge 
sod  daring  the  time  of  passage  of  the  ball  through  the  bore. 

,..ii,Goo'.^[c 
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Y.  The  relation  of  the  different  parts  of  the  syiiiteni  and  forces  acting, 
both  before  and  at  the  inatant  of  diHcharge. 

G&NEBAl.  DBSOBIPTIOK  OP  ASMS. 

Carbine,  models  1873 ;  weight,  7  pounds ;  total  length  of  barrel,  22 
inches. 

Globe  and  peep-sight  for  300  and  500  yards. 

Kifle,  model  1873 ;  weight,  without  bayonet,  8 J  pounds ;  total  length 
of  barrel,  32.6  inches. 

Globe  and  peep-sight  for  300  and  600  yards. 

OEKBKAI.  DESCBIFTIOH  OF  AMMUNITION. 

The  carbine-cartridge,  55  grains  powder,  405  grains  balL 
The  ride-cartridge,  70  grains  powder,  405  grains  balL 
Velocity  of  carbiue-baJl  &om  carbine,  1,080  feet.    Becoil,  155  pounds. 
Velocity  of  carbine-ball  &om  rifle,  1,107  feet.    Becoil,  142  pounds. 
Velocity  of  rifle-ball  from  carbine,  1,210  feet.    Becotl,  182  pounds. 
Velocity  of  rifle-ball  from  rifle,  1,320  feet.    B«coil,  174  pounds. 
This  is  the  ratio  of  velocities  that  generally  obtains,  and  the  compara- 
tive  measures  of  recoil  on  spiral  spring. 

MODE  OF  OOMPTICTINa  TABOBT  PHACTICB. 

;nie  firing  -was  done  under  my  personal  sapMrision  by  the  principal 
marksman  of  the  armory.  The  target  records  were  tdl  made  for  the 
various  ranges  by  firing  40  shots,  20  of  each  kind  of  ammunitioa  aiter- 
nately,  under  precisely  the  same  conditions  from  the  same  arm.  The 
ranges  of  300  and  500  yards  demanding  greater  steadiness  than  "  off- 
hand" practice  afforded,  firing  fr^m  the  shoulder,  with  an  elbow  rest  and 
with  the  muzzle  lightly  resting  on  an  elastic  supxwrt,  was  resorted  to  for 
these  ranges,  and  the  ftiin  was  taken  through  the  globe  and  peep-sight 
&r  aJl  the  ranges. 
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Table  Ko.  1  and  target  diagrams,  Plate  I,  show  an  anomalous  effect, 
due  to  difference  in  powder  charges  (70  and  55  grains)  in  the  carbine  prac- 
tice, within  range  limits  of  300  yards,  the  center  of  impact  of  the  ball 
having  an  initial  velocity  of  1,080',  being  above  that  for  the  same  ball 
having  an  initial  velocity  of  1,210',  the  arm  being  fired  in  the  manner 
before  speci^ed. 

Table  No.  2  exhibits  the  rifle  practice  without  anomaly ;  the  ball  hav- 
ing an  initial  velocity  of  IjSSiy,  keeping  above  the  same  ball  nith  an 
initial  velocity  of  1,107',  as  it  should,  under  the  condition  of  the  angle  of 
departure  and  angle  of  sight  or  elevatMn  being  the  sanie.  For  very  miu-kt^l 
difference  in  powder  charges  the  anomaly  develoiw  as  well  for  the  rifle 
as  for  the  carbine,  but  does  not  hold  Ibr  ranges  greater  than  100  yards. 

MOTION  OF  BAEKBL. 

To  ascertain  if  there  is  motion  in  the  arm  at  the  instant  of  discharge, 
which  would  be  Ukely  to  produce  the  effect  noted  in  target  practice,  a 
carbine  was  held  as  shown  at  Fig.  1,  Plate  III. 

Tlie  sight  in  front  with  tbe  blackened  jHiint  of  the  hook  being  placed 
in  direct  contact  with  a  vertical  screen,  S,  the  carbine,  when  fired,  left 
a  black  dot  on  the  screen,  indicating  tlie  original  point  of  contact  of  the 
hook.  Slightly  inclining  the  screen,  \o  catch  any  downward  motion  of 
the  muzzle  (which  was  anticii)ated  to  accord  with  the  practice),  the  car- 
bine when  again  fired  left  u\ion  the  screen  a  well-defined  line,  starting 
from  the  original  point  of  contact  of  the  hook  and  running  down  along 
the  screen  until  the  motion  of  the  arm  to  tlie  rear  exceeded  the  downward 
motion  of  the  muzzla  Inclining  the  screen  more  nearly  horizontal,  the 
carbine  was  a  third  time  fired,  and  the  hook  point  recorded  a  longer 
line.  After  this,  the  screen  was  inclined  so  as  to  catch  any  upward  mo- 
tion of  the  muzzle,  and  the  carbine  fired,  but  in  this  case  the  hook  did 
not  rise  or  touch  the  screen  until  the  arm  had  moved  an  inch  or  more  to 
the  rear. 

With  points  established  by  this  method  the  fiUl-size  curves  or  paths 
described  by  the  muzzle  of  the  carbine  are  shown  at  A,  B,  and  C,  Fig.  2, 
Plate  III,  A  being  the  patli  when  70  grains  powder  charge  was  fired, 
and  B  and  G  the  paths  due  to  55  and  2U  grains,  respectively. 

In  order  to  confirm  the  method  of  tra<^ting  the  path  of  the  muzzle,  a 
pointer  was  attached  to  it  and  brought  up  against  a  vertical  screen  par- 
allel to  the  plane  of  fire  or  plane  of  recoil,  and  the  pointer  described  the 
carves  indicated  in  Fig.  3,  Plate  III,  R  W  E"  E'",  for  the  rifle-cartridge, 
and  0  for  the  carbine-cartridge.  Having  ascertained  that  there  is  an 
actual  motion  of  the  barrel,  more  or  less  marked  in  proportion  to  powder 
charge,  and  in  harmony  with  the  target  practice,  it  is  next  in  order  to 
determine — 

THE  VELOCITY  OP   BALL  IN   THE  BOEE. 

The  space  is  19  inches,  and,  knowing  the  velocity  sought,  the  motiou 
of  the  system  may  be  comjiuted  and  the  time  ascertained  during  which 
the  system  remains  connected.  Knowing  the  time  between  the  ignition 
of  powder  charge  and  the  first  downward  tendentty  to  motiou  of  the 
muzzle,  the  position  of  the  ball  nmy  be  determined  when  the  "  dip "  is 
well  developed. 

The  "  Le  Bouleng6  Micro-Chronometer"  has  been  used  to  record  the 
reqidred  times,  and  the  rifle  in  place  of  carbine,  as  offering  a  greater 
length  of  bore  on  which  to  base  the  exiwriment, 
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A  wire  passing  a  little  in  front  of  the  ball  at  its  seat,  and  another  across 
the  muzzle,  constituted  the  first  and  second  targets.  The  rifle,  with  rifle- 
cartridge,  was  then  fired  and  the  times  recorded  for  four  shots,  uoted  iu 
Table  3. 

Table  So.  3. — Time  o/ pataage  of  ball /rout  $eat  of  dtarge  tc  mazzle  of  rijlt. 


■''"1SJ2:"' 

TlmB. 

Velocity  »r 

BMOUd. 

3 

o.ixi»ia 
.wrao 

1.1S7 
MS 

The  practical  method  of  measnring  an  interval  of  time  so  miuute  as 
'K'.(KrJ7S  may  be  attended  with  instnunental  errors,  therefore  the  results 
are.  at  ymtr  guggeation,  verified  in  the  following  maimer: 

Ordnance  Notes  No.  XXXVIII  gives  the  velocities  for  various  lengths 
of  barrel,  inclading  length  of  chamber: 

5"  length,  704'  initial  velocity. 

12"  length,  IjlOC  initial  velocity. 

'^'  length,  1,210'  initial  velocity. 

26"  length,  1,254'  initial  velocity. 

32".«  length,  1,320*  initial  velocity., 

If  the  resistiance  to  powder  charge  be  constant,  the  quantity  of  work 
ji^rfonned  wonld  be  measured  by  the  product  of  the  resistance  into  the 
|>ath  described  by  its  point  of  apphcation.  In  other  words,  the  motion 
I'f  the  ball  being  uniformly  accelerated,  its  mean  rate  of  velocity  per 
second  through  the  bore  comes  from  the  relation 

The  refiistance  being  raridble  for  different  lengtliB  of  boie  (as  Ijefore 
sliown),  the  velocity  is  estimated  by  tailing  the  sum  of  the  elementary 
times  and  quantities  of  worlt.    By  this  method  we  have  from  the  rela- 
tioa  establjahed — 
ir>l'  -f  1320'  _  ,.5,;^^  foj  jj^  ftaetion  of  path  (6".6  or  '.05)  =  1287', 

l  =  ^,(  =  ,4*5,,  =".0(IO«(i; 


ll'lO'  +  llOO'  _  „i„rity  for  third  fraction  of  path  (10"  op  '.83)  =  IIW, 

i'=  ,';?„  ,  _  ".000717; 
1155' 

-"""'  +  "'"'  —  velocity  for  fourth  ftactionW  path  (7"  or  '.58)  =  902', 

D,„ii.db,  Google 
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.,'^'^'  +  ^  ,   =;  velocity  for  fifth  fraction  of  path  {1".44  or  '.12) =3J2'. 

(4=?^,  =".000340. 

T  —  (+(•  +  *''  +  (•  +  **. 

T  =  {".000435  +  ".000268  +  ".000717  +  ".000643  +  ".000340  =  ".002403. 
S  =  2'.424  =  space.) 
V=         —     2'.424  lojt'ji 

(Equation  7, "  Baitlctt's  Mechanics.")    Q  =  Tp  ds. 

Q,  the  quantity  of  work,  is  equal  to  the  area  included  between  the 
path  «,  in  direction  of  reaistance,  the  curve  whose  ordinate^  are  the  dif- 
ferent values  of  P,  and  the  ordinates  which  denote  the  extreme  resist- 
ances. As  the  equation  for  the  curve  which  connects  the  resistance  idth 
the  path  in  the  sx>ecial  case  under  consideration  is  not  known^  tlie  woit 
cannot  be  estimated  by  simple  integration,  but  the  estimate  is  made  in 
the  manner  prescribed  ("  Bartletf  s  Mechanics,"  equation  10) : 

Q  =  ici«%  ['I'l  +  ietr,  +  ^3'3  +  i'<\  +  a*,'.  +  4«,',  +  V,]. 
In  equation  (10)  Q  =  quantity  of  work  for  a  length  of  barrel  over  which 
velocity  of  ball  Is  measured. 

=  {'.404  X  6)  =  (2'.424) 

e,et  =  '.40i\etr,  =  BlV    t  e^rt  — 1155' )^r,  =  1205'; 

eiri=0       f  ^r,=1100'f  «,r«  =  1210' jeT}-T  =  1320'; 

Q  =  .1345  [0  +  3268  +  2200  +  4620  4- 2420 + 6060  + 1320]  j 

Qex2540; 

Velocity  of  rifle  ball  in  rifle  by  experiment SS?  ■ 

Velocity  of  rifle  ball  in  rifle  by  sum  of  times 106? 

Velocity  of  rifle  baU  in  rifle  by  quantity  of  work lOiT' 

Mean  velocity lOi." 

Correct  for  carbine  length. 

■y      1.536  _n(i./. 

904'  =  velocity  rate  of  ball  in  passing  through  bore  of  carbine. 

From  the  foregomg  calculations  and  exi>eriments  it  is  foond  that  tbe 
velocity  of  the  rifle  cartridge  ball  through  the  bore  of  the  carbine  is  at 
tbe  rate  of  904  feet  per  second,  and  the  time  of  passage  through  the  bore 
is  ".0017. 

To  obtain  the  quantity  of  motion  of  the  carbine  due  to  904  feet  for  tlie 
ball,  substitute  in  equation  (1)  ^-alues  for  m  v  and  M — 
405 


T=Jyi(l) 

y_  9   x(104 
49WK) 

r  =  904' 

9 
V  =  7'.47 

jj_7  H>fi.or 
9 

4WI00 
S 

BTB. 

\=WM. 
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As  the  carbine  moves  to  the  rear  (89".64)  inches  per  second,  tlierefore 
daring  the  time  (".0017)  that  the  ball  remains  in  the  bore  the  arm  should 
1086  over  an  interval  of  fifteen  hundredths  of  au  inch. 

In  this  time,  as  shown  by  the  curves,  Fig.  4,  tlie  muzzle  has  fallen  in 
ft  more  rapid  ratio  than  it  iiaa  receded ;  theretbre,  theoretically,  the  dip 
of  the  muzzle  has  exceeded  flfteeu  hundredths  of  an  inch  as  the  ball 
leaves  the  bore.  i 


The  "Le  Bouleng£  Micro-Chronometer"  has  been  used  to  measure  the 
interval  between  the  first  downward  motion  and  the  passage  of  the  ball 
fioni  the  mazzle.  It  was  not  known  whether  the  result  would  be  recorded 
positively  or  negatively  on  the  instniment,  since  the  resistance  due  to 
the  inertia  of  the  mass  of  the  carbine  might  give  negative  readings,  or 
show  that  the  ball  actually  did  get  away  before  the  motion  was  commu- 
nicated to  the  arm.  To  ascertain  this  point,  the  hook  of  the  carbine  in 
the  circuit  of  one  target  was  placed  against  a  copper  plate  (also  in  the 
Kame  circuit),  made  fast  to  the  screen,  and  was  so  adjusted  as  to  necessi- 
tate a  downward  motion  of  ".05  before  the  circuit  should  be  broken.  A 
^re  stretched  across  the  muzzle  carried  the  circuit  of  the  other  target. 

Four  shots  were  fired  with  tlie  carbine  adjnsted  as  stated,  with  the 
following  records  or  iut«r\'al8  of  time  between  the  ".05  motion  of  the 
barrel  and  the  passage  of  the  ball  from  the  muzzle : 

So.  1 ".000259 

Xa  2 ".000389 

So.  3 ".000390 

So.  4 ".000584 

Meaa ".000405 

This  places  the  ball  at  a  distance  from  the  muzzle  (in  the  bore)  when 
it  (the  muzzle)  has  follen  ".05  (inch),  and  practice  accords  with  theorj-. 

BELATION  OF  FOBCES.     (See  Fig.  3.) 

The  center  of  inertia  of  the  arm  is  at  6 ;  the  left  hand  (at  B)  and  ann 
of  the  marksman  support  a  weight  of  5  pounds,  and  the  shoulder  (at  R) 
a  weight  of  2  pounds,  more  or  less.  "When  the  right  hand  is  placed  in 
a  position  at  A,  there  is  an  additional  weight  of  2  pounds  added  to  the 
weight  of  the  arm,  and  the  center  of  inertia  ia  thereby  shifted  to  ssnie 
point  C. 

The  direct  action  of  the  force  of  discharge  should  impart  upward  mo- 
tion about  the  center  of  inertia,  and  afterward  cause  this  point  (at  G') 
to  move  in  a  direction  opposite  to  the  motion  of  the  ball,  which  when 
met  by  resistance,  as  the  arm  is  well  set  up  at  the  shoulder  R,  the  mo- 
tion of  rotation  is  further  develoi»e<l.  The  path  of  the  muzzle  of  the 
carbine  after  the  lapse  of  seventeen  ten-thousandths  of  a  second  of  time 
is  to  the  rear  and  upward,  a«  is  to  be  expectolj  but  it  is  shown  by  these 
ex])eriments  that  during  the  minute  interval  in  which  the  bidl  remains 
hi  the  bore  the  muzzle  actually  dips  its  line  of  fire,  and  this  in  a  direct 
ratio  with  increase  of  powder  charge.  In  other  words,  the  equilibrium 
maintained  before  discliarge  is  destroyed  at  the  instant  of  ignition  of 
jtowder  charge.  The  only  forces  acting  before  the  piece  is  fired  are  those 
of  grarity  and  rmsiattce  to  gravity;  but  when  fired  undoubtedly  there  is 
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a  resultant  effect,  due  to  the  operation  of  several  forces  at  the  moment  of 
dJHcharge,  irhich  accouuts  for  the  departure  of  the  muzzle  from  the  path 
determiued  for  it,  wheu  the  KUigle  force  of  reaction  or  recoil  is  alone  con- 
sidered. 

Under  the  ordinarj'  conditions  of  practice  the  anomaly  (which  is  veri- 
fied by  these  experiments)  does  not  appear,  for  the  reason  that  the  siflit 
gradnatiou  for  a  special  ammunition  has  been  veiified  and  adju8ted  tn 
comjiensatc  practical  errors.  The  moment,  however,  there  is  a  dei>art 
ore  from  the  conditions  6i)ecifled  for  the  ammunition  or  for  the  niaiiDrr 
of  firing  the  arm,  not  only  do  marked  variations  appear  in  the  pra^-tii-C: 
but  variations  as  anomalous  an  unexi>ected. 

That  a  ball  haviup  an  initial  velocity  of  but  1,080  should  strike  hifrlipr 
than  the  same  ball  with  an  initial  velocity  of  1,210  feet,  fired  altematfly. 
ander  identical  circumstances,  is  certainly  surprising.  The  neutra)  ixiint 
beyond  which  the  anomaly  ceases  is  the  one  where  the  greater  remain- 
ing velocity  begins  to  tell  in  favor  of  the  ball  ha\-i]ig  the  greatest  initi;il 
velocity. 

In  tliis  connection  we  are  brought  to  consider  the  effect  of 

THE  FIXES  BEST. 

"When  an  arm  is  fired  under  perfect  conditions,  as  in  the  "fixetl  rest." 
practical  sight-corrections  that  have  been  made  api>ear  as  errors,  Cii 
]>jige  180,  Ordnance  iiotes  XXIX,  VoL  I,  I  find  stated  in  your  rei><)rt 
on  "Sluzzle-rifling": 

In  the  foret^ing  flrinjiH,  vhich  were  all  made  from  the  flxod  T¥»t,  the  aim  for  3" 
yanlfl  wua  taken  tlir<>ii};h  the  lOO-yanl  Hieht ;  that  fui  500  yanlR  was  taken  thrunKb 
the  3U0-yanl  HiKht.  Thix  dhniuutioti  of  eluvation  cumeH  from  the  fact  that  tbtr  fP'^ 
was  firmly  attuehed  to  the  slide  of  the  fixed  retit ;  but  whether  it  was  owinf;  t"  il» 
manner  Die  f^uu  vran  fiuitened  to  the  nlidu  or  to  the  diuiiDUihed  r«coil,  from  wcighl  "i 
alide,  at  the  moment  of  firing,  is  nut  precisely  knowa.  I 

To  confirm  and  as  far  as  ]>os8ibIe  explain  these  results,  a  carbine  wn.^t, 
placed  in  a  "  fixed  rest"  and  tired  40  shots  and  off-htuid  80  shots.  (Sf : 
Table  No.  4.)  Again  using  a  line  of  sight  parallel  to  axis  of  bore,  and 
correcting  for  fall  dne  to  gravitj'  (ft=J  gC),  Tables  Xos.  5  and  6,  results 
from  the  target-practice. 

Table  No.  4. — Comparatiiv practiee  " off-iand"  aitd  "fixxd  retl,"  33  yonit. 


Ti.^«.U 

Off-h.=d. 

Off  bud. 

Bllrnuita 

AboTQ.      Below. 

Bllenute. 

AbOTf. 

Below. 

Ahore. 

Mow. 

R.r  M 

B".« 

3".K 

KC  20 

4"!m 

R.C  M 

^r 

C.C.M 

C.C.M--.. 

c-c.ai...- 

Table  No.  5.— Same  ai  Table  Xo.  4,  angle  o/ tight 

Hifdnat. 

No.  of 

•lluti. 

ovbMid.     i; 

HbowrML 

»)-«*>. 

tb«la. 

Above.  Iflolow. 

Above. 

"'"^■Il""' 

Abm-e. 

Belov. 

CorcfcKdfoi- 

R.C.»I 

l»-,T*,'  RC.  » 

^d  by  Google 
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Tabu  Ko.  6.—Bifl«  fired  tame  at  Table  JVo.  5,  33  yarde. 


1       FiiedrMt.       ! 

off-hHid. 

Off-hud. 

Abon. 

Below. 

AboTe. 

BeloK. 

Above. 

BeloT. 

E.CM 

0 

RC  20 

ccso 



T"M 

1 

From  what  is  shown  respecting  the  motion  of  the  muzzle  in  the  usual 
mode  of  firing,  it  is  reasonable  to  conclude  that  whatever  differeuce  there 
may  be  between  off-hand  and  flxed-rest  practice  is  owing  to  a  greater 
exactness  of  the  latter  method  as  compared  witli  the  former.  Qlie  eon- 
ilitions  of  iinnattiral  constraint  in  the  tixed  rest  should  forbid  its  employ- 
ment as  a  means  of  establishinj;  standards  of  reference  for  general- 
service  practice ;  and  although  it  answers  well  the  requirements  of  exact 
exj)erimentjj  and  close  investigations,  yet  beyond  this  it  ee^^'es  no  prac- 
tii-al  purpose. 

SoTB. — Mat,  1878.  My  report  of  February  20,  1876,  shows  a  com- 
parison of  the  off-hand  or  natural  angle  of  elevation,  the  fixed-rest  angle 
of  depart  lire,  and  the  angle  of  departure  theoretically  computed  by  Didion's 
method  for  spheric^  projectiles,  modified  by  the  value  of  A  for  the  ".45 
caUber-service  bullet.  In  order  to  present  at  this  time  a  very  exact 
comparison  of  these  angles,  ritle  No.  84852  has  been  selected  at  random 
from  the  daily  manufacture  at  the  armory,  and  its  sight  carefully  verified 
!)>'  the  foreman : 

7  =  angle  of  sight  graduation  for  500  yards. 

7' =  angle  of  siglit  graduation  for  300  yanls. 

Sin.  ,  =  i:^l^T^= J^^  =  ".02279. 

f  =  \°  18"  13"  when  very  fine  siglit  is  drawn. 
".93-^60  _   ".33 
25".  18        25".18 
y'  =0°  45'  20"  when  very  fine  sight  is  drawn. 
The  targets  marked  1, 2,  and  3,  Plate  11,  were  then  made  by  a  shillfid 
marksman  with  the  rifle  and  rifle-cartridge.    The  500  yards  sight-scale 
elevation  (1^  18'  3")  was  employed  for  the  targets  Nos.  1  and  2,  and  the 
sight-scale  elevation  (0°  45'  20'')  for  the  target  No.  3  (ilxed  rest). 

The  angle  of  correction  y"  to  be  applied  to  the  target  No.  3,  or  flxed- 
rest  practice,  in  order  to  bring  its  center  0/  impact  up  to  the  jwiut  sighted, 

cornea  from  the  relation  tan.  /'  =  ^^^  =  .00000, 

p"=00  21'0'. 

Applying  this  corre(;tion,  and  we  have  (500  yards  range): 

With  flsed  rest,  angle  of  departure,  1°  C  20". 

A\'ith  off-hand  or  elbow  rest,  angle  of  deration,  1°  18'  .T'. 

To  find  the  angle  of  dPi»arture  by  Helie  ("Traits  de  Balistique")  for 
vhiong  projectiles  with  ogival  heads,  we  have : 

~-—=  —+— ,  in  which  it  depends  for  its  value  ui>on  a  numerical 
gx        v*^  V  ' 

coefBcient  0.000003,  and  which  increases  with  the  shortness  of  the  ra<liu8 
Bith  which  the  ogival  is  struck.  This  number  is  assumed  to  be  correct 
for  the  ".45  caliber  senice  ball. 

r  =  range ;  in  this  c«se  500  yanls  =  1,500  feet. 


o-„     ■      ■■.vo — ".00 
Sin.  (.■  =  —„.„-_  = 


=  ".0131, 


..Google 
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V  =  initial  velocity;  in  this  case  1,310  feet,  same  as  for  the  target 

practice, 
ft  =  ^  =  0.0000472  ^. 

c  =0.000063^ 

R  =  ^  =  '.0187  =  radios  baUet. 

VT  =  40d  grains  =  0.057  pounds,  veiglit  bullet. 

g  =  force  of  gravity  =  32.155  feet :  its  log.  =  1.507248. 
Tor  convenience,  in  order  to  avoid  the  use  of  very  small  numbers, 
multiply  both  sides  of  the  equation  by  10",  and  it  becomes 
10'°  sin.  2a       10"       lO'Ha: 
gx        ~   t*    "^       r 
Solving  the  equation  with  reference  to  value  of  a,  the  elevation  soughi. 
and  substituting 

log.      B*        =4,5430&4 

log.      -VV       =2,701023  ,og.j.l.W248 

log.     ^       =3.781750  log.x  =3.170091 

log.  ■00004725=1^674402  jog.j^—  4.083339 

log.        it        =  7:450158 


log.     10''lb     =3.456138 

log.       X        =  3.170001 

log.  lO'^kx    =  0.l3.'iL 

=48 

log.     10"    =10.000000 

log.        •        =  3.121 

■104  and  log.      »■      =   6.254208 

log    '»"'■•'    -3.500145 

log.    '"             3.-45792 

"^'yJsmo 

log.      8769.1     =  3.0429506 

10"                 r.iW.  n 

log.        sx         =  4.0S.'13.190 

„5.'ifl9.2 

log.  (8770.8)  cx=  8.020280(i  =  log.  10"  sin.  -'< 

^           8700.1 

2a  =  2°  25*  30" 
a  =  lo  12*  45". 

From  the  foregoing  computations  and  target  practice  it  is  shown — 

1.  That  the  elevation  to  be  given  by  the  marksman  is  the  one  €«ial>* 
lished  on  the  sight  scale : 

For  500  yards  range  it  is  1°  18'  3". 

2.  That  the  elevation  to  be  giv«i  for  the  "fixed  rest"  is  sometbiug  It** 
than  on  the  sight  scale: 

For  500  yards  range  it  is  1°  6'  20". 

3.  That  the  theoretical  approximate  angle  of  departure  is  something 
between  the  natural  angle  of  elevation  and  the  fixed-rest  angle  of  elc 
vat  ion ; 

By  roiie,  for  500  yards  range  it  is  1"  12*  45". 
In  this  instance  the  angle  of  departvre  theoretically  computed  for  the 
ogival  headj  oblong  projectile,  is  a  mean  of  the  angles  of  elevation  prac- 
tically applied  for  "off-hand"  and  "fixed-rest"  firing.  It  does  not  fol 
low,  however,  that  the  same  relation  will  hold  for  all  ranges  or  by  othiT 
methods  of  computation,  but  euoiigli  is  showu  to  indicate  that  for  :i 
service  arm,  intended  to  be  useil  by  the  soldier,  all  reflne<l  methods  »»! 
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tbeoi7  and  the  "fixed  rest"  must  give  way  to  practical  tests  for  the 
regulation  and  a^joBtment  of  the  tught  scale. 

Arm  mo.  84853,  taken  at  random  &om  the  daily  manufactirre  at  the 
armory,  by  its  performance  fairly  illustrates  the  correctness  of  method 
itdopted  in  regolatiug  its  sight  scale.  The  score  made  by  ihe  maxkBman 
(see  target  No.  2)  was  47,  out  of  a  possible  50  points,  at  a  range  of  500 
yards.  Ko  correetioti  of  any  kind  was  made  on  the  elevation  called  for 
Ity  the  sight  scale  for  tliis  range,  but  precaution  was  taken,  for  the  sake 
of  companaou,  to  draw  a  fine  sight.  Had  the  theoretical  angle  of  de- 
jMrturt  been  applied  on  the  sight  scale,  the  center  of  impaet  would  liave 
fallen  2'.5  below  the  object  sighted,  and  had  the  fixed-rest  angle  been 
iipphed,  the  center  of  impaet  would  have  fallen  5'  below  the  same  object 
(see  target  Na  5). 

ABM  m  FIXED  BEST  PAETIAILY  IXICSED. 
In  regard  to  the  fixed-rest  system,  as  it  has  to  do  with  the  arm  not 
h^iag  firmly  locked,  reference  to  the  extract  &om  your  report  shows  that 
"partial  experimeuts  were  made  at  this  armory  some  time  ago,  by 
Brevet  Captain  Stockton,  to  obtain  the  explanation  for  this  and  some 
other  pecuUarities  iu  firing  arising  from  the  particular  way  a  rifle  is  held 
Then  discharged.  I  hope  soon  to  be  able  to  complete  these  experimeuts 
and  forward  a  report  of  them  for  the  information  of  the  Department." 
The  following  is  taken  in  full  fi-om  the  Armory  Journal  Record,  Febru- 
ary 10, 1871:  ** Experimented  with  an  S,  B,  M,  in  different  situationa'* 
(see  accompan>-ing  target  records,  table  No.  7).  "  Contrary  to  expecta- 
tion, it  was  found  that  when  the  gun  was  clamped  in  frt>ut  of  the  center 
of  gravity  the  shots  were  higher  than  when  clamped  in  rear  of  that 
pomt ;  the  gun  was  next  fastened  to  a  wheel,  so  as  to  admit  of  the  whole 
rotating  evenly."  This  is  all  that  is  contained  iu  the  record  or  on  file 
»t  the  armory.  In  June,  1871,  however,  the  following  experiment  is 
recorded  by  Captain  Stockttm: 
Airanged  m  MgoiMlaoa.  bonel  to  try  whetbec  it  springs  bef(«e  th«  bnUet  leaves  the 

The  Creech  wM  secniely  clomped  in  a  vise,  ao  adjustable  piece  of  metal  was  placed 
0"M  above  tbe  innEile.  To  t&ia  piece  a  wire  vaa  faitened,  vhicb  iras  then  passed 
oreTBcleat  and  stretched  directly  acnwB  the  muuleof  the  onn  and  one  inch  ftomit ; 
the  wire  then  led  to  the  Bnhmkorff  coil.  The  wire  from  the  battery  was  connected 
with  tbe  baireL 

Bf  this  meaca  a  spark  was  thrown  whenever  the  barrel  was  brooKht  in  contact 
vith  the  piece  of  metal  over  tbe  muzzle,  so  that  if,  on  diHcbarKiiiK  the  Kun,  a  vibration 
of  0".01  ob^Ds  b«fore  the  bullet  leaves  tbe  muzzle,  a  spark  will  betbrown ;  but  as 
tlM  wire  in  front  is  out  b;  the  bullet  and  the  counection  destroyed,  a  subsequent 
vibration  will  not  bave  any  effect.  This  arrangemeiit  was  tried  several  times,  and 
the  piece  of  metal  was  placed  to  the  side  of  and  uudvr  tbe  muzzle. 

So  spark  was  thrown.  Tbe  distance  of  0".01  won  tbco  reduced  to  0".(T76,  but  with 
ibe  ume  reenlt.  This  experiment  set- ins,  therefore,  to  prove  that  tbere  is  uo  vibration 
if  the  barrel  as  great  as  v'.0i5  before  tbe  ball  leaves  the  biH«. 


Blfc,  isn.  held. 

No.  at 
■hot*. 

VotkMildiTlMlmi. 

Cwblne,  1873,  bold. 
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The  explanation  songiit  in  1871  for  the  anomalons  reBtilts  noted  in 
Table  No.  7  may  be  ii^erred  &om',tJie  experiment  to  ascertain  if  tliere 
was  any  spring  or  vibration  in  the  bairel ;  but  this  theory  was  not  at 
that  time  sustained,  since,  nnder  the  special  circumstances  of  constraint 
in  which  the  barrel  was  held  in  a  vise  at  ite,  rear  end,  there  was  found 
to  be  no  vibration  so  great  as  ".0075  before  the  ball  left  the  bore. 

This  experiment,  with  the  barrel  locked  or  constrained  at  its  rear  end, 
was  calculated  to  discover  any  ware  or  vibratory  motion  along  the  bar- 
rel length,  as  such  an  effect  was  suspected  yeiu^  ago  at  the  armory. 
The  failure  of  the  experiment  to  record  auy  such  motion  was  probably 
due  to  the  resultant  action  of  all  forces  developed  being  coincident  with 
the  axis  of  bore.  The  results  of  "  off  hand  "  carbine  practice  enumerated 
in  thisreport,  and  tbepaths  described  by  the  muzzle  (curves  Fig.  2,  Plate 
III)  of  carbine  at  instant  of  discharge,  ail  point  to  a  disturbance  of  thelme 
of  Are  before  the  ball  leaves  the  bore.  A  dip  of  muzzle  is  plainly  uuli- 
cated,  and  this  is  developed  to  a  greater  or  less  extent  in  proportion  to 
powder  charge  or  force  generated. 

In  onler  to  ascertain  if  gravity  had  to  do  with  the  downward  motion 
of  muzzle  at  that  moment  when  the  left  arm  of  marksman  might  be  dis- 
turbed in  its  supi)Ort  by  the  shock  of  discharge,  a  carbine  was  arranged 
with  a  rigid  rod  underlying  the  lowest  element  of  the  barrel,  but  sepa- 
rated fi-om  the  barrel  by  an  ad,iustable  interval.  The  rod  being  firmly 
connected  with  the  stock  was  constrained  to  partake  of  all  motion  com- 
municated to  the  carbine  with  the  exception  of  a  upritig  or  ImckUng  of  the 
barrel  itself.  In  firing  the  carbine  naturally  from  the  shoulder  with  ite 
own  cartridge  (55  grs;  powder),  an  interval  as  great  as  ".15  was  not 
closed  between  the  rod  and  the  lowest  element  of  the  barrel  at  the  mnz- 
zle.  When  the  rifle  cartridge,  however,  was  employed  the  interval  closed 
fully,  as  was  indicated  by  the  paint  on  the  rod  being  lefb  on  the  under 
surface  of  the  barrel  at  the  muzzle.  This  experiment  plainly  indicates  a 
spring  or  buckling  of  barrel  muzzle  toward  the  lowest  side  of  the  arm, 
and  while  this  is  t)ie  probable  cause  of  the  anomalous  resolta  in  this  trial, 
it  is  not  improbable  that  the  equilibrium  between  gravity  and  resistance 
to  gravity  (shown  at  Fig.  1,  Plate  III)  may  likewise  be  disturbed  by  shock 
of  discharge  and  assist  the  dip. 

EECAPlTniJ.TION. 

I.  Target  practice  with  the  rifle,  and  especially  with  the  carbine,  indi- 
cates greater  drop  of  the  center  of  impact  for  a  ball  having  high  velocity 
than  n>r  the  same  ball  having  low  velocity ;  the  anomaly  holding  for 
moderate  ranges  with  the  rifle,  and  ap  to  300  yards  with  the  carbine. 

II.  There  is  an  actual  downward  motion  of  the  muzzle  of  the  rifle  and 
carbine  at  tike  instant  of  discharge.  This  is  accompanied  by  arear  motion, 
and  afterward  followed  by  an  upward  rotary  motion  about  the  point  of 
resistance  at  the  shoulder. 

III.  The  velocity  of  the  rifle  cartridge  ball  in  the  bore  of  the  carbine 
is  at  the  rate  of  904  feet  per  second,  as  against  an  initial  velocity  from 
the  bore  of  1,210  feet ;  the  interval  of  time  (due  to  this  velocity)  in  which 
the  system  remains  corrected  la  the  seventeen  ten-thousandths  of  a  sec- 
ond. 

IV.  The  dip  of  the  muzzle  is  well  developed  at  the  moment  of  passage 
of  the  ball  from  the  bore  in  the  off-hand  firing. 

v.  Before  discharge,  the  forces  acting  on  the  system  are  in  equilibro 
— gravity  and  resistance  thereto ;  at  the  moment  of  discharge  a  new  force 
is  developed,  which  either  destroys  the  relation  of  the  other  forces,  there- 
by producing  the  dip  of  the  muzzle  before  the  hall  passes  from  the  bore, 
or  else  springs  or  buckles  the  barrel. 


REPORT  OF  TUe  CHIEF  OF  ORDNANCE.        175 

\1.  For  a  conditioii  of  constraint  at  its  rear  e»3,  the  barrel,  otlierwise 
niiHiiiiported,  has  no  ^'ibratioD  or  sprinj;,  to  the  extent  of  ".0U75,  prior 
to  the  passage  of  the  ball  bom  the  bore.* 

•SoTK.— May,  Ifl^.  W.  E.  Metfonl,  C.  E.,  in  an  urtjclo  on  tbo  " Pr<.ioi:f ory  of  the 
Unlfni  MAtch'Ritle,"contAined  in  the  Spirit  of  tbe  Times,  N.  Y.,  April  13,  ItfTf^,  ({IveB 
his  views  reHpratin);  tho  mMM  of  nnoninly  (relieved  to  have  liwu  obacrved  for  tiiu  first 
iiDw  bv  "The  National  Unanl  of  the  State  of  New  York,  a  year  or  so  ago." 

Thrre  is  a  cnrioiui  anomaly  worth  mentioning;  in  relation  to  tlin  zero  of  riflrs. 

Il  in  this,  that  if  a  tlii>roi 

liiwcb  end  of  tuiy  ride,  the  I ..    .      ,. .  „ 

Innvl,  and  also  an  aperture  pluK  be  enltred  at  mnEzlo,  and  if  the  rifle  U  then  poiut^l, 
vith  itH  si)!hl(i  aet  to  the  zero,  oei'ertained  hy  ahnotinfi  at  tlie  \i  yards,  at  auy  object 
Naj  at  100  yards  off,  aiiil  if  then  the  lino  of  bore  l>e  exaniineil,  it  wilt  bo  found  that 
Itirre  is  a  very  great  ditferonre  between  the  two  lines;  iiintead  of  there  being  only 
llxml  the  inen,  the  eye  line  is  al>ove  tho  t)ore  lino. 

Il  haiipeuB  in  all  rifles  more  or  leMi,  and  in  rilles  with  the  long  fore  end,  such  as  luili- 
tlty  rineH  ;  the  reuovini^  the  fore  end  increHse*!  the  amonnt  (-oiiKiderably. 

A  rifle,  however,  having  an  etttemel^  sliort  barrel  diwH  not  exliibit  this  nnoninly. 

Thii  pecoliarity  will  develop  Ter"   -"--*'-' ■■'-  • — •-   -  - --■   ' —  ■ — '• — .-if- 

if  the  litle  be  fired  horizontally. 

Thr  beat  way  to  develop  this  fact  is  to  shoot  at  snch  a  distance  as  not  to  mix  up  the 
gravity  poll  with  it,  say  at  '25  yanls,  wheii  the  fall  is  half  an  inch  tmly. 

The  anomaly  is  no  doubt  due  to  the  total  mass  of  the  rifle  being  iiuu -coincident  with 
tbeaiisof  tho  bore,  and  on  the  Jerk  of  recoil  being  given  (it  is  like  a  shar})  blow  to 
the  rjtie,  as  it  happens  in  less  than  a  three-hnndre>(lth  of  a  second),  tile  rifle,  instead  of 
1  true  recoil,  has  un]>Hrl«d  to  it  such  a  motion  as  eventually  causes  the  niQZzle  to  Jerk 
up.  bat  of  which  the  first  renult  is  to  set  up  a  distinct  bcndof  tho  barrel  itself,  actually 
tiirriiig  the  muzzle  dtnen  htlow  its  original  line. 

It  happens  that  at  just  about  this  moment  the  bullet  paases  the  muzzle,  and  so  it 
■Irikes  Utaer  on  the  target  than  if  there  hail  been  no  such  action.  In  foct  it  is  similar 
tu  the  action  of  a  fishing-rod,  which,  if  wutclied  while  a  "strike"  is  being  mode,  will 
fihihit  some  way  three-tiuarters  np  a  neutral  iwint,  above  wiiich  the  rod  will  actually 
move  the  contrary  way  for  a  short  time,  before  tho  rest  of  the  rod  drags  this  upper 
psrthack. 

It  is  easy  to  comprehend  this  objection,  that  the  barrel,  especially  of  a  matoh  rifle, 
iitiwstiff  to  allow  of  this;  but  first  it  is  the  fact  that  such  a  barrel  can  be  easily  sprung, 
(vrn  with  the  two  hands,  a  very  eyeable  amount  out  of  tnith  (of  course  it  goes  bacK 
tgalo),  and  that  the  jerk  of  the  kick  is  in  actual  fact  like  the  blow  of  a  hammer. 

From  the  record  of  experiments  at  the  National  Armory  it  will  be  eeen  that  this 
inomaly  was  noticed  in  11^4,  and  investiEated  in  1975  anil  1UT6,  prior  to  the  National 
Guard  observation.    Attention  was  first  drawn  to  it  in  the  followiug  mannnr  : 

Owing  to  the  drop  or  fall  in  practice  of  the  carbine  cartridge  hall  at  500  yanls,  and 
It  greater  ranges,  as  compared  with  that  of  the  rifle  cartridge,  you  sought  to  im]>rove 
th*  performance  of  the  former  by  the  substitution  of  a  pap«r  lining  for  the  isadi  used  in 
nnUr  to  compensate  the  space  in  the  shells  duo  to  less  powder  charge  (55  instead  of 
'"  grains).  At  that  time,  November  7.  1874,  a  carbine  was  carefully  ailjusted  with 
i\»\K  and  peep-sights  and  fired  by  a  skillful  marksman,  in  my  presence,  at  a  target 
*"'  yards  removed.  The  carbine  wrrioe.  carbine  eKperiraeutal,  and  rifle  cartridges 
■'crefind  in  regular  sequence,  and  the  point  sighted  was  the  same  for  all  the  cari ridges. 
The  elbow  rest  woa  employed  for  unifonuity  of  aim  and  a  target  reoord  of  sixty  shots 
mule  (20  for  each  klud  of  ammimltion).  The  omter  of  impact  for  the  carbine  cartridges 
listing  an  initial  velocity  of  1,080  feet  was  5".7  above  and  ".9  below  the  point  sighted, 
■nil  fjir  the  rifle  cartridge  having  an  initial  velocity  of  1,210  feet,  3".45  below  the  jioiut 
"ishied.  This  result  was  so  contrary  to  all  reason,  and  the  reverse  of  all  comparative 
'erords  at  500  yards  and  greater  ranges,  that  on  December  17, 1874,  the  anomaly  (which 
had  accidentally  been  discovered)  was  verified  by  making  a  target  record  of  20  shots 
each,  for  the  rifle  and  carbine  cortriilge,  and  the  eenter  of  impact  was  determined  to  be 
V'JSk^mum  for  the  oarbine  cartridge  ball  and  6".8  below  for  the  rifle  cartridge  ball,  each 
earti"      ■    -        ■• •■  .      -        ..  .  .  ..,.,, 

17.  I 


g  lator  experiments,  to  ascertain  initial  velocities  for  varioiu  powder  charges,  it  was 
f'limd  that  when  an  elevation  was  established  for  a  light  charge  of  powder  to  strike 
the  small  velocity  target  (using  globe  and  pcep-Atght),  that  this  same  elevation  wonlil 
'■ailse  the  ball  fired  with  a  heavy  charge  to  stnke  much  Iwlow  tho  point  sighted. 
Th«se  on  the  facts  which  led  to  the  investigation  contained  in  this  report,  and  which 
il  is  deemed  proper  to  present,  in  view  of  tho  foct  that  at  this  time  the  subject  has 
■ttiacted  atteatioD. 


176 


HEPOST  OF  THIi  CHIEF   OF  OBDNAKCB. 


YII.  lorariable  reeulte  are  attained  vitb  the  "fixed  rest"  firing,  other 
things  beiug  eqiial,  and  the  eSeeta  of  practical  eorrectiona  matle  to  elim- 
inate errors  of  elevation  for  "off-ltand  flriug"  appear  again  as  errors 
when  the  fixed  rest  in  employed. 

Vm.  Partially  locking  the  arm  in  the  fixed  rest  permits  of  motions 
gimilar  to  those  noticed  in  oft-hand  firing,  quite  as  anomalous,  and  to  be 
accounted  for  in  the  same  manner. 

COHCLUSIONS. 

First.  These  experiments  show  that  no  method  is  so  iiFell- calcidated 
to  discover  or  determine  the  proper  angles  of  elevation  for  small-arms 
as  practical  tests  of  firing,  when  the  conditions  are  no  moreperfect  than 
it  is  possible  for  the  soldier  to  attain  in  service. 

Second.  Interchange  (which  is  contingent)  of  ammunition  fbr  the  rifie 
and  carbine  will  disconcert  the  marksman  in  his  estimate  of  elevations — 
the  necessary  corrections  for  short  ranges  being  the  exact  opposite  of 
what  it  is  reasonable  to  ex])ect.  Facts  of  this  nature  show  the  absolute 
necessity  for  invariability  of  ammunition,  if  the  true  valae  of  an  ann  is 
to  be  derived- 
Third.  The  "fixed  rest"  eliminates  errors  that  develop  in  the  natural 
order  of  firing,  and  for  this  reason  should  not  be  employed  to  establish 
the  practical  angles  of  elevation  on  the  sight  scale. 

Fonrth.  Becoil  is  generally  regarded  as  the  direct  action  or  etfect  of  a 
single  force,  but  may  better  be  defined  to  be  the  resultant  of  several 
forces,  all  more  or  less  dependent  upon  their  points  of  application,  and 
the  relation  of  these  points  to  the  center  of  inertia  of  the  system.  It 
does  not  affect  accuracy  of  fire  in  the  sense  of  increasing  the  mean  de^ia- 
tioQ  from  the  center  of  impact  (this  has  time  and  again  been  shown  at 
the  armory),  since  fiat  trajectories  and  consequent  compact  clnstering  of 
shots  result  &om  high  velocities  and  proportionate  recoiL  It  is  shown, 
however,  by  the  record  of  this  trial,  to  determine  the  position  of  the  center 
of  Impact  in  the  vertical  field  of  fire,  and  within  certain  range  Umits  pro- 
duces an  eSbct  the  reverse  of  what  is  anticipated.  Under  similar  con- 
ditions of  arin  and  ammunitiOQ  its  effect  is  constant,  and  being  deter- 
mined by  practical  observation  m^  be  compensated  in  the  regulation 
and  a4justmeut  of  the  sight  scale."  For  constuit  aJigles  of  elevation 
under  variable  conditions  of  anunnnition,  or  methods  of  supporting  the 
arm  when  fired,  its  effects  are  manifest  at  once. 

•Note. — May,  1878.  Thia  U  the  best  practice  moAe  at  the  aimory  with  the  Sprinfj- 
fleld  rifle  a«  a  military  urm  without  glohe  and  peop-«ight  or  hair-trigger,  the  errore- 
doe  to  recoil  in  the  vertical  field  and  to  drift  and  wind  in  the  horizontal  field  Injing 
compensated  by  the  adjustable  rear  sight. 

Kind  of  rifle,  Springtield. 

Kiud  of  ammunition,  senice. 

Distance,  500  yards. 

Site  of  targetd,  mode  of  marking  and  aiming,  same  as  at  Creedmoor. 
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LIST  OF  PLATES. 
BXPLA>~ATION. 


Fii:- 1.  Horizontal  sertiou*  throngli  axiB  of  bore  of  3"  M.  L.  rilteil  mortar.     (Cou 
vfK«1  fnmi  au  old  bronze  Held-piece. ) 
Fin;.  9.  Front  ele  vat  ion. 
Fig.  3-  Plan  and  section  of  copper  veat-piccc. 


Fi)[.  1.  Horizuutal  section'  through  the  iLxisof  the  bore  of  S.  B.  bronze-gun  A. 
2)"  in  diameter  in  tlgtire;  nince  Imrcd  out  to  '3"  ilinnieteT.) 
Fig.  2.  Tranavene  Mction  through  axr    ''*- '-- 


Fig.  1.  Plan  of  xinking-heod  of  gnn  A,  Bhowing  rolatiie  positions  of  speciliinus  for 

Fi<[H.  2  and  3.  EleTationa  of  finished  Bpecimeiis  before  and  after  cutting  acreiv  for 
hoidfre. 

Fig.  4.  Plan  of  sinking-head  of  bronze  gun  B,  showing  relative  positions  of  spei-i- 
mciiH  foi  testing. 

Fi);.  5.  Plan  of  sinking-head  of  bronze  gun  C,  showing  relative  positions  of  speri- 
Di<^9  for  t«flting. 

Fig.  6.  Spon)^  and  rammer. 

Fiff'  &.  Winor^         ( Used  for  extracting  cartriitgea  from  bore  of  guns,  Ac. 

FlaU  IV. 

Fin.  1-  Horizontal  section*  throngh  thn  asis  of  the  bore  of  S"  8.  B.  bronze  gnu  B. 
Fig.  3.  Transverse  section  through  the  axis  of  the  tr — '  — 
tig.  3.  Transverse  section  through  the  vent. 


Plate   n. 

Fig.  I.  Side  elevation  of  experimental  projectile  No.  1  (3"  rifle.) 

Fig.  2.  Rear  elevation. 

Fit;.  3.  Lojijfitniliual  Hection,  showing  pfHtitiotts  of  line,  can,  washcT8.  &c, 

'""   '  "   ■    ■       '       ■     ;elo     ■■  "'   ■■ 


TtauMVfrHB  section  at  rear  row  of  studs,  showing  elevations  of  lattur. 
Fig.  5.  Plsii  and  eliivation  of  cap. 
Fig.  6.  nan  and  elevation  of  brass  washer. 
Fig.  7.  Plan  and  elevation  of  rubber  ping. 

Plate  rir. 

Fig.  1.  Side  elevation  of  experimental  projectile  No.  2  (3"  rifle). 

Fig.  2.  Hi'sr  elevation. 

Fie.  3.  Liiiigitn<Unal  section,  showing  line,  cap,  wanher,  stnds,  and  rptnlning  screw. 

Fig.  4.  Transverse  Boet ion  through  rear  row  of  stnils,  with  elevations  of  lalttr. 

Fig.  5.  Plnn  and  elevation  of  cup. 

^  ig.  6.  Plan  and  elevation  of  bruBs  washer. 


*  In  theM  a«clkiiu  (he  u 
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FIr.  1.  Sills  elevatinn  of  esperinental  pmjcctik  So.  3  (3"  S.  B,). 

Fi|{.  2.  Kiar  flcvation. 

fig.  3.  LoniptiiilinAl  Motion. 

Fig.  4,  TrauBverw  sertioD. 

F'ift.  5.  TraiwvfrH*  iwttion  tlirongh  eye-hole. 

Fig.  6.  TrsUBvene  wction  of  Hbtuik. 

FUte  IX. 

Fig,  1.  Side  elevation  of  experimental  piojectilo  No.  4  (3"  8.  B,), 

Fig.  2.  Eear  elevation. 

Fig.  3.  LoQgitudinul  section. 

Fig.  4.  Traiisvene  iH-ctioD. 

Fig.  5.  Traiisveow  Bcctiou  through  eye-hole. 

Fig.  6.  TranHvenic  section  of  iihaok. 

Plate  X. 

Fig.  I.  Siilo  elevation  of  experimentni  projectile  So.  5  (3"  S.  B.). 

Fig.  2.  Bear  elevation. 

Fig.  3.  Longitndinal  wction. 

Fig,  4.  TrauBvenw  Hcetion. 

Fig,  5.  Trannvetsc  seetion  throngh  eye-hole. 

Fig.  C  TranHvene  section  of  sbauk. 

Plain  XI. 

Fig.  1.  Bide  elevation  of  experimental  projectile  ISo.  17  (3"  S.  B.). 
Fix-  2.  Rear  elevatino. 
Fig.  3.  liougitudinni  Hcctiou. 
Fig.  4.  TmusverHe  Hoction. 
Fig.  5.  Traimveree  srctinu  through  eye-hole. 

[This  form  ia  rocommeniled  for  J"  guna  wlien  the  iKtre  doen  not  exceed  30  inche*  ii 
length.    Shank  n'ould  have  to  increase  in  langtb  with  the  hore  beyond  20  incbtM.] 

Ptatt  XII. 

yig.  1.  Side  elevation  of  experimental  projectile  No.  6  (3"  6.  B.), 

Fig.  2.  Bear  elevation. 

Hg.  3.  Longitiiilinal  section. 

Fig.  4.  TranHvene  section. 

Fig.  5.  TVausverse  section  throngh  eye-hole. 

Fig.  6.  Tranaveise  section  of  shank. 

FleU  Sin. 

Fig.  1.  Side  elevation  of  experimental  projectile  Ko.  7  (^'  S.  B.). 

F'ig.  2.  Bear  elevation. 

Fig.  3.  Longitudinal  nectiou. 

Via.  4.  Traitsvenw  iwctiou. 

n  throngh  eye-hole. 

n  of  shank, 

Plale  Xir. 

Fig.  1,  Side  elevation  of  experimental  projectile  No.  8  (2"  B,  B.) 

Fi)j.  2,  Rear  elcvntion. 

Fig.  3.  Longitudinal  wction. 

Fig.  4.  Transvenw  section  in  rear  of  axial  envity. 

Fig.  5.  Transverse  section  through  eye-hole. 

Fig.  6,  Transverse  section  of  sliauk. 

Fig.  7,  Plan  and  elevation  of  leail  core  in  axial  cavity. 

Fig.  H.  Plan  and  elevation  of  point  of  projectile. 
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Plate  XV. 

Kig.  1.  Side  elevation  of  experimautal  projectile  No.  9  (li"  S.  B. — Cordiw),  showing 
miiiDpr  of  protecting;  the  line  from  abraaiou  in  paining  fi'OUi  tbe  piece. 
Y\i.  %  Rrar  elevation. 
Fl)!.  3.  I^neitudlual  seotiOD,  &e. 
Flj.  1.  Tr.u.v.™>  Mollon. 
Fig.  L>.  Plan  and  elevation  of  cap. 
Fig.  6.  Plan  and  elevation  of  liraaa  watiher. 

PIo(«  XT  I. 

Fig.  1.  Side  elevation  of  experimental  projectile  No.  13  <2"  S.  fi). 

FiR,  2.  RPsr  elevation. 

Fijc.  3.  Iiim^itiidiiial  Hm'tion;  elevation  of  ebauk  and  puint. 

Fij!-  4.  TraoBvcrHe  iisption. 

Fi^  a.  Transvene  section  tbrough  ey«-hole. 

FXaU  xril. 

Fig.  1.  9ide  elevation  of  experimental  projectile  No.  U  (2"  8.  B.). 

Fig.  3.  Rear  elevation. 

Fig.  3.  LoneitiKlinal  section. 

H8.i.T™S,™™,««ion. 

ng.  5.  Tnnsvenie  section  thnin){lt  eye-hole. 

F^.  6.  Tnnsverae  section  of  sliauk,  dec. 

PlaU  xvin. 

Fig.  1.  Side  elevation  of  experimental  projectile  No.  15  (2"  S.  B.). 

tig.!.  Rear  elevation. 

Fig.  J.  Loii|^tiidiual  sectioa. 

Rg.4.  Transrorse  wctioit. 

'■S-9-  Transverst!  section  tUroiiirb  ey»-bole. 

Fi|(.  6.  Traanvt-me  section  of  nUuuk, 

[  >bi)  form  is  recouimenileil  for  2"  cniis  when  the  lencth  of  bore  does  not  exceed  SO 

MSilu-Iw*.] 

Plate  XIX. 

Ik- 1.  Side  elevation  of  exiieiimental  projectile  No.  10  (ii".5  8.  B.). 

W!.  Rrar  elevation. 

*ig-  3.  Lui]|Titndinal  section. 

"I'E-  *.  TrnnHveme  unction. 

W  5-  Transverse  amotion  tbrouffh  eye-hole. 

"S-  6.  Traasverao  section  of  shank. 

Plate  XX. 

^- 1.  Side  clovftf  Ion  of  nxpnrimoutal  projectile  No.  11  (2" .5  S.  B.). 

IIB-  *■  Raw  elevation. 

I'M-  3.  Longltuiliiial  m-ction. 

il^  5"  Jra""*''"''*  "ection. 

n  throu);h  eye-hole. 

n  of  shank. 

PJale  XXI. 

yS'  !■  8i<le  elfivation  of  experitnental  projectile  No.  13  (2".5  8.  B.). 

"ta.  Bfur  elevatinii. 

JJK' 3.  I.<inKitndluftl  wiHnn. 

•JK'  *.  Trausver»e  w-rtlou. 

IS*  *  TransveTse  section  thronj{li  eye-hole. 

'^  ^  Tnutsvene  section  of  nUauk. 
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Plate  XXII. 

Fig.  1.  Side  elevation  of  experlmoutal  projectile  No.  16  (2" ,5  8.  B.). 
Fig.  2.  Bear  elevation. 
Fig.  3.  Iiongitiiiliiial  Hectiou. 
Fig.  4.  TrauHvurMi  lUM^tiou. 
Fig,  5.  TrniiHverHe  auetion  through  eye-hole. 
Fiff.  6.  TrHUHverHe  Hfutioii  of  shank. 

[Thix  funu  is  reuommeuded  for  use  with  2".5  ruus  when  tlie  length  of  bore  iovt  aiii 
Bxi».-ed20to21iu<ihea.] 

Plate  XXIII. 

Carriage  Ko.  1  for  3"  M.  L.  B.  mortar. 

Fig.  1.  Side  elevation. 

Fig.  2.  Plan. 

Fig.  3,  Bear  elevation. 

Fig.  4.  Side  and  rear  elevations  of  qaoin. 


Plate  XXIV. 
Carriage  No.  2  for  3"  M.  L.  E.  mortar. 


Fig.  1,  Side  elevation. 

Fig.  2.  Plan. 

Fig.  3.  Rt'nr  elevuliou. 

Fig.  4.  Side  uud  rear  clevatious  of  quoin. 


Carriage  fbr  8.  B.  bronze  gun  A. 


Fig.  1.  Side  elevation. 

Fig.  2.  Plan. 

Fig.  3.  Front  elevation. 

Fig.  4.  Bear  and  aide  elevations  of  quoin. 


Carriage  for  S.  B.  bronze  gun  B. 

Fig.  I.  Side  elevation. 

Fig,  2.  Plan. 

Fig.  3.  Front  elevation. 

Fig.  4.  Bear  anil  side  elevations  of  nnoin. 

N.  II. — This  I'HFriage  is  retoinineniied  for  2"  S.  B.  bronie  gnus. 

PlaU<  XXVII. 

Carriage  for  S.  B.  Iironze  gun  C. 
Fig.  1.  Side  elevation. 
Fig.  2,  Plan. 
Fig.  3.  Front  elevation. 
Pig.  4.  Ri-:ti  and  side  elevations  of  qnoin. 
[N.  B. — This  carriage  ia  reconiniended  for  2" .5  and  3"  8.  B.  bronze  life-saving  [.iiii*-' 

Plate  XXVIII. 

Fig.  1.  One-half  cnrtridge-tiag  for  3"  gnu. 

Via.  2-  One-half  eiirtriclge-ling  for  2"  and  2".5  ginis. 

Fig.  3.  Piimuig  wire;  one  Hhorter  liy  2"  nvonitueuded. 

Fig.  4.  "  Combination  level,"  nliowing  manner  of  nsiiig,  &c. 
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Plate  XXIX. 

Vie-  I.  Plan  of  3"  wooden  sabot,  J"  thick. 

Fi«,  2.  ElevBtiou. 

Fi;;.  3.   Plan  of  ;t"  wooden  Babot,  4"  thick. 

Vif.  4.  Elevation. 

t'iir.  5.  Plan  of  a  Cordee'  3"  sabot 

Fig,  6,  Elrratiou. 

FiK.  7.  Plan  of  3"  wooden  sabot. 

Fijt.  8.   ElrvBtiou. 

Fi^.  9,  Plan  of  a  Cordes'  2"  sabof. 

Fit;.  10.  Elevation. 

FijiH,  11,  12.  Plan  and  elevation  of  3"  woodeu  sabot  after  Ariu);,  allowing  effect  of 

Fig.  I'i.  Septiou  shnwins  effect  of  gas  entflriiijj  axial  cavity  and  blowing  off  cap,  &c. 
Fig.  14.  Fragment  of  2"  Slot  recovereil,  eUowiii^feffisct  of  ga.-<  jwuetratiuj;  axial  cavity, 


(See  description.) 
Piatt  XXXI. 

Largo  faking-bux,  A.     (Regulation  size.) 
Fig.  I.   Plan. 

Fij:.  3.  i^iile,  iiortial  section  and  elevation. 
Fit;.  3.   Rnd,  |>artial  section  aud  elevation. 
Fi-;.  4.  l^iile  elevation  of  frame. 
Fis.  5.   Flan  of  fraiue. 

Fi)!-  fi.  I'Inn,  and  partial  section  and  end  elevation  of  "false"  liottoui, 
Fi»:.  7.   Faking-piii. 


Plate  xxxn. 

Small  faking-box,  B.    (Regulation  size.) 
Fijt.  1.   Plan. 

Fig.  3.  Si<le,  partial  section  aud  elevation. 
Fig.  :i.   Bnil  elevation. 
Fi;;.  4,   End  elevation  of  frame  and  pins. 
Fig.  h.   Side  elevation  of  frame  aud  pins. 
Fig.  6.   PInii  of  frame. 
Fig.  7.   "  False"  bottom. 
Fig.  d,   F*kiug-pin. 

Plate  XXXIII. 

Experimental  fakiilg-box,  C.     (Large,  sqnare.) 

Fir.  1-   Plan. 

Fig.  '2.   SiiU,  partial  section  and  elevation. 

Fig.  3.   KnrI,  i>artial  section  uud  elevation. 

Fig.  4.   El^variun  of  fbime  and  pins. 

Fig.  5.   Finn  «f  frame. 

J-'ig.  K,   "  False"  bottom. 

Fig.  7,  Fakiug-pin. 

Plate  .T.VA7F. 

Experimental  taking-box,  D.     (Small,  sqnare.) 

Fig.  1.   Flail. 

Fig.  2.  SiiU,  - 

Fig.  3.  £n<)  K 

Fig.  4.  Eud  elevation  of  frame  and  pins. 

Fig.  5.  Side  elevation  of  &ame  and  pins. 

Fig.fi.  Plan  of  frame. 

Fig.  7.  "F»lse"  bottom. 

Fig.  8.  Faking-pin. 
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Reel  and  frame. 
Fig.  1.  Sidn  elevatioti. 
Fig.  2.  Plaii  iif  frnme. 
Fig.  3.  Eud  plevntion,  abowing  crank,  &c. 

Plate  SXXn. 

Carryiog  bracca. 
Fig.  1.  WaiHtbelt. 
Figs.  2,  3.  BrureH. 

FigB.  4,  5.  Dilli'ts,  with  sunn  honks  for  frame. 
Fig.  6.  PerHi>octive  I'low  of  bracee. 

Plate  XSXriI. 

Fig.  1.  Firing-grim nd  at  Springfield,  Mow. 
A.  !■  irinK-point. 
A.  B.  Kniigeti. 

C.  Flag  at  UOO.yard  tilake  from  vhich  "  drift "  of  line  meaBnred. 

D.  Ancinoiiii'tiT  for  oUtaiiiing  surface  velocities. 
Fig.  3.  G 1111-11] ntfunn,  &,c. 

A.  I'lan. 
It.  Suction. 

C.  Positions  of  faking-boiefl. 

D.  Shelter. 

Flatt  SXXVni. 


Plate  XXXIX. 
Manbj'a  apparatns. 
Tbe  fignres  oiplain  themielves. 


Boxer's  apparatus. 

Fig.  1.  Metboil  of  skiwing  line  in  fukirig-box,  firat  tier. 

Fig.  2.  Method  of  stowing  line  in  fakiug-liux,  secuud  tier. 

Fig.  3.  Side  elevation  of  rocki-l-frame. 

Fig.  4.  Front  elevation  of  mckct-franie. 

Fig.  5.  I'lan  of  Im>x  and  partial  section. 

Fig.  0.  Hide  of  bos,  partial  section  aud  elevation. 

Fig.  7.  End  elevation. 

PiaU  XLI. 

Boxer's  rocket,  &C. 

Fignree  explained  in  plate. 

Plate  XLII. 

Colt's  armory  testing-machine. 
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PUtt  XLIII. 

Colt's  armorj  t«»ting-macliino. 

beam  aiipiiratuN. 
IQ,  of  i:ertaiu  pi 

Flale  XLir. 

Fixtures  for  tvatiug-mBcliinp. 

Pig.  S.  Plan  of  one  clasp  for  boIdJDg  specimen,  open. 

Fig.  6.  Elevation  of  same,  oiren. 

Fijc,  7.  Plan  of  cloxp,  eloseil. 

ri|;.  S.  Elevation  of  clasp,  closed. 

FiK,  9.  Scale  for  measuring  elongations  after  elastic  limit  is  paased. 

Fie.  10.  Holder. 

Fl|!s.  11, 12.  Scale  need  to  laeasnro  extensions  within  elastic  lituit. 

Fig.  13.  Specimen  of  bronze. 

Plate  XLV. 
Curves  sbowing  extensions  of  bronsse  specimens. 

Tif,  14.  Curve  for  gun  A. 
Yin-  15.  Curve  foe  gun  11. 
Tig.  16.  Curve  for  gun  C. 


FlaU  XLVII. 

Fit;.  1.  Section  of  chill  and  plan. 

Fig.  3.  Section  of  famace  and  plan. 

Fir.  3,  Crucible. 

Hk.  4.  Poiinu^'laille. 

Fig.  5.  Shot  with  loop  and  raw-bitle  strnp- 

Fie.  e.  Bulled  shot. 

Fij.  7.  Mortar. 

Ptale  XL  nil. 

Fie.  1.  Method  of  laving  the  roi>e  (French  faking). 

Fig.  2.  Whalf  Inir. 

He.  3.  Chain-fkking. 

%.  i.  Rojie  ready  in  banket. 

llg.  5.  Paper  tube  for  iiriming, 

FiE-  6.  Ball  with  lid  for  flwe. 

Fjlf.  7.  Stand. 

Fijj.  8.  Cut-iron  anchor. 

tig-  9.  Rope  with  stiif  loops. 


Plat*  XLIS. 


Fie.  1.  Mode  of  fnking  the  rope. 
Fig.  2.  Whale-faking. 
Fig-  3.  Chain-faking. 

P^trotl'i  projectile. 

Hnnt'(  Une-ttuowing  apparatus. 
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Piatt  LII. 


CliODiller  Aitchor-atiot. 
1.  Before  flriug. 
a.  Aft«r  firing. 


Plate  LIV. 
Method  of  luing  the  life-tuiing  appamtOB. 

I  tUAde  by  Hr.  Emery,  Natioiul 
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tmtled  to  me  able  counsel  and  advice,  and  have  most  generously  for- 
wanled  my  efforts. 

I  am  under  obligations  to  the  Chief  Signal  OflScer  of  the  Army  and  to 
Sergt.  P.  J.  Huiieke,  Signal  Service,  for  meteorological  data  for  the 
Htation  of  Sandy  Hook,  N.  J. 

1  am  indebted  to  Col.  8.  C.  Lj-ford,  Ordnance  Department,  for  books 
of  reference  and  drawings  of  the  Mauby  and  Boxer  apparatus. 

I  owe  thanks  to  Capt.  J.  H.  Merryman,  United  States  Keveime  Marine, 
who  placed  at  my  service  his  valuable  experience,  assisteil  me  by  sug- 
gtwtions,  and  kiodly  encouragetl  me  by  his  generous  sympathy. 

To  the  follovring  gentlemen  the  writer  desu-es  to  express  his  indebted- 
ness, namely,  t«  Lieut.  W.  S.  Starring,  Ordnance  Department,  for 
a-tsi^tance  and  courtesies;  to  Dr.  V.  McNally,  for  important  data:  to 
Messrs.  E.W.  Bondand  James  Kirkham, of  Springfield,  Mass.,  fora  flnng- 
Cround ;  to  C.  B.  Bichards,  of  Hartford,  Conn.,  for  report  on  tests  of 
hroiize,  &c. ;  to  H.  W.  Wellington,  of  Boston,  for  many  courtesies,  and 
for  fiunishing  at  his  own  expense  a  large  number  of  experimental  shot- 
lines;  to  Alessra.  John  Beed  and  James  Tolman,  of  Boston,  Mass.,  for 
viiliiable  data ;  and  to  the  Springfield  Bepublican,  for  books  of  refer- 
ence. 

To  Samuel  W.  Porter,  master  machinist  of  the  National  Armory,  the 
nriter  ie  under  especial  oltligations  for  assistance  dimng  the  first  series 
of  experiments  and  for  skillful  supervision  of  the  construction  of  parts 
of  the  apparatus. 

The  following  employes  of  the  National  Armory  deserve  special  men- 
tion, viz :  Messrs.  Emerj-,  Fitts,  F.  K.  Bull,  Hare,  and  S.  C.  Bnmham. 

D.  A.  LYLE, 
Lieutenant  of  Ordnance. 

Xational  Abmobt,  August  ir>,  1878. 
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INTEOUUCTION. 

In  the  early  part  of  the  year  1875  the  honorable  Secretary  of  the 
Treasury  applied  to  th6  Secretary  of  War  for  assiotaiice  in  the  ]>rosecn- 
tion  of  experiments  for  the  purpose  of  improving  the  life-saring  a]>])ara- 
tus  used  by  the  Treasury  Department,  which,  at  that  time,  were  nuder 
the  BpeciaJ  charge  of  Capt.  J.  H.  Merryman,  United  Stntea  Revemie 
Marine,  and  requested  that  an  officer  or  officers  of  the  Ordnance  I)e]>art- 
ment  be  designated  to  assist  Captain  Merryman  "ju  these  importaut 
matters." 

On  the  recommendation  of  the  Chief  of  Ordnance,  the  Secretary  of 
War  directed  that  the  "Board  on  Experimental  Guns"  convened  by 
Special  Order  No.  221,  Aiyutant-General's  Office,  October  10, 1874,  of 
which  Major  Crispin,  Ordnance  Department^  was  president,  be  charged 
with  the  prosecution  of  these  experiments,  m  connection  with  Capt.  J. 
H.  Merryman,  United  States  Kevenue  Marine.  This  action  was  taken 
April  12-lG,  1875,  and  Sandy  Hook,  N.  J.,  was  selected  as  the  most 
fovorable  locaUty  for  these  exiicriments. 

The  important  and  multifarious  duties  with  which  the  Ordnauoe 
Board — formerly  "Board  of  Exiierimeutal  Guns" — was  specially 
charged  were  so  great  as  not  to  admit  of  any  one  of  its  members  devot- 
ing the  time  necessary  for  a  thorough  investigation  and  discussion  of 
the  subject.  In  view  of  this  fact  Captain  Merryman  recommended,  on 
May  21,  1877,  "that  an  application  be  made  to  the  Chief  of  Ordnance 
for  the  detail  of  an  officer  for  this  special  8er\'iee."  Colonel  Crispin, 
president  of  the  "Ordnance  Board,"  conciured  in  this  recommendation 
in  his  indorsement  of  June  1, 1877,  ui>ou  Captain  Merryman's  letter, 
and  further  recommended  that  said  onicer  should  place  himself  in  comniu- 
uication  with  Captain  Merryman  and  the  Onlnance  Board,  "for  such 
suf^gestions  and  instructions  as  may  be  deemed  proper  to  give  him." 
These  recommendations  were  a]>]n-oved  by  the  Cliief  of  Ordnance  June 
6,  1877,  and  Lieut.  D.  A.  Lyle,  Ordnance  Department,  was  "specially 
assiguwl  to  this  duty,  in  addition  to  his  regular  duties"  at  tlie  K^ational 
Armory,  Springfield,  Mass.  This  officer  entered  upon  the  duty  at  once, 
and  the  results  of  his  labors  are  embodied  in  this  report. 

Ko  claims  of  great  originality  are  made,  as  this  apparatus,  like  the 
Parrott  patent,  is  a  direct  evolution  from  the  system  of  Ca]»tain  Manby, 
which  dates  back  to  the  be^uing  of  the  i)re8ent  century.  The  advances 
which  have  been  made  during  the  past  year  are  the  result  of  carefid 
study  and  conscientious  exi)eriment.  The  data  recorded  are  of  value 
for  future  reference.  The  writer  appreciates  the  fact  that  many  imjirove- 
ments  are  yet  to  be  made  in  life-saving  apparatus  and  entertains  the 
hope  that  his  humble  efforts  may  serve  as  a  basis  ui>ou  which  to  foiuid 
future  experiments. 
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PART  I. 

REPORT. 

CHAPTER  I. 

L  EIFLE  PROJECTILES. 

The  first  ex|>eiiinetits  were  made  with  rifle  projectiles  fired  tmm  a  3-iuch 
imizzle-ioadiiig  rifled  mortar.  This  method  did  iiot  prove  uatislactory 
Tor  tlie  foUowiug  rea^us : 

I.  Oil  accouut  of  the  lack  of  simplicity  in  loading.  The  detailed  oiier- 
ations  of  loading  are  given  below. 

1.  litsertuig  cartridge  and  ramming  home. 

2.  Inserting  junk-wad  or  sabot. 

3.  Unscrewing  cap  on  front  end  of  pi-ojectile. 

4.  Removing  cap. 

5.  Inserting  line  in  axial  cavity  and  drawing  it  throngh  shot. 

6.  Putting  on  rubber  washer  or  washers. 

7.  Putting  on  metal  washer. 

8.  Tying  knot  in  end  of  line. 

9.  Inserting  washers  and  knot  in  the  cavity  in  the  front  end  of  shot 
and  drawing  the  line  taut. 

10.  Returning  the  cap  to  its  position. 

11.  Putting  in  the  retaining  screw  to  hold  the  cap. 

]L*.  Adjusting  line  in  radial  slot  in  base  and  in  longitudinal  groove. 

13.  Twisting  tlie  fine  wire  which  passes  around  the  head  of  the  cap 
alHiut  the  line  to  hold  it  in  the  prolongation  of  the  axis  of  the  bore  and 
prevent  its  being  cut  off  by  abrasion  in  passiug  out  of  the  piece. 

14.  Inserting  projectile  in  the  bore  and  ramming  it  home. 

U.  Tlie  liabuity  of  the  heated  gas  ttom  the  ehaige  to  enter  the  axial 
";avitj-  and  either  bum  off  the  line  or  blow  off  the  cap.  The  loss  of  the 
cap  permits  the  knot  and  washers  to  escape,  and  when  the  strain  comes 
upon  the  line  it  is  very  likely  to  be  cut  by  the  edges  of  the  axial  cavity 
in  front,  as  is  exemplified  in  Fig.  13,  Plate  XXIX. 

III.  The  failure  of  wire  vopes  (either  copper  or  iron)  to  sustain  the 
shock  of  discharge.  These  ropes  or  cords  were  interposed  between  the 
shot  and  line  for  the  pur]>ose  of  avoiding  the  action  of  the  flame  upon 
llie  line.    These  rigid  materials  generally  broke  before  the  Une. 

IV.  The  necessity  for  the  employment  of  wads  and  sabots. 

V.  The  diminution  of  range  due  to  resistance  of  the  air  to  the  passage 
of  the  hne.  This  increased  resistance  of  the  air  was  developed  by  the 
Bpiro-conical  form  assumed  by  the  line  in  the  tnyectory,  due  to  the 
rotation  of  tlie  rifle  projectile. 

VL  The  twisting  of  the  line  due  to  the  rotation  of  the  projectile. 

It  was  judged,  from  the  indications  left  upon  the  wooden  satwts  which 
irere  recovered  (see  Figs.  11, 12,  Plate  XXIX)  after  firing,  that  if  a  soft- 
metal  sabot  bad  been  used  the  force  of  discharge  would  have  wedged  it 
in  the  radial  slot  of  the  base  and  have  caus^  it  to  cut  the  tine  as  it 
vas  suddenly  swung  to  the  rear  by  the  strain,  unless  a  very  thick  sabot 
*ere  used.    Paper  wads  were  found  to  be  better  than  wooden  sabots. 
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Vll,  The  greater  expenBe  and  difBculty  atteMing  Die  manafactare  of 
both  guns  and  projectiles. 

After  loBiiig  the  caps  belonging  to  tlie  rifled  projectiles,  they  were 
flred  a  few  times  by  inserting  them  point  first  into  the  rifled  mortar.  The 
shot  reversed  after  leanng  the  gun,  and  retained  their  axial  rotation, 
though  their  flight  was  unstefwly. 

Sold,  smooth-bore  projectiles  were  next  tried  in  the  rifled  mortar  and 
gave  better  results.  The  escape  of  gas  through  the  grooves  was  very 
great,  in  some  iustances  burning  off  the  line.  One  shank  was  broken  otf 
in  firing,  which  was  due,  not  to  the  form  of  the  shank,  but  to  the  mate- 
rial, it  having  l>een  moAe  of  high  steel  instead  of  wrought  iron,  yo 
particular  difficulty  seemed  to  lie  experience<l  in  firing  smooth-bore  pro- 
jectiles from  rifled  giina,  provided  the  shanks  were  long  enough  to  protect 
the  Ihie  from  Uie  gases  which  escape  through  the  grooves. 

Enough  waa  learned  from  these  exiieriments  to  warrant  tlie  conclu- 
sion that  smooth-bore  gims  and  projectiles  were  better  adapte*!  for  this 
purjKise  than  the  rifled  ones  as  here  a])plied ;  and  that  spiral  sjirings, 
wire  cords,  and  nibber  washers  were  eitlier  useless  or  aimojing,  and 
always  more  or  le»s  impracticable. 

II.  SMOOTH-BORE  GUS3  AXD  PROJECTILES. 

After  the  difftcidtie-s  first  experienced  it  was  detenninetl  to  cut  loose 
from  rifled  mortars,  TiA&  proje<'tiles,  wire  roj)eJ»,  spiral  springs,  nibl«er 
straps,  rubber  washers  and  plugs,  brass  washers,  caps  and  retaining 
screws,  and  seek  lor  a  solution  of  the  problem  in  some  system  which 
would  combine  great  8im])licity  with  eflieiency,  and  which  woidd  lessen 
the  cost  of  manufacture  and  funiisb  a  method  whose  details  woidd  not 
be  so  complicated  as  to  be  beyond  the  comprehension  of  those  required 
to  put  it  in  practice. 

1.  SMOOTH-BORE  GUHS. 

The  second  attempt  was  made  with  smooth  bore  guns.  Bronze  was  se- 
lected as  the  material  from  which  to  make  the  experimental  guns,  for  the 
following  reasons :  On  account  of  its  great  ultimate  tenacity,  its  ductility, 
its  combination  of  great  strength  with  light  weight,  its  msi*lom  from 
destnictive  corrosion  when  exiwsed  to  the  moisture  of  sea  coast  stations, 
its  non-liability  to  sudden  rupture,  its  avaUabihty  for  recasting,  and  its 
value  as  old  bronze  after  condemnation.  Guns  made  from  this  materia) 
are  easily  ke])t  in  order,  as  the  bores  do  not  rust,  a  fact  of  considerable 
imjiortance  with  small  calibers,  on  account  of  the  difliculty  of  cleaning 
the  bore.  They  are  not  liable  to  burst  explosively,  by  reason  of  their 
ductihty,  and  when  worn  out  tbey  may  be  sold  for  a  fair  price  as  old 
bronze.  The  only  external  injury  to  wliich  thoy  are  liable  is  the  bend- 
ing of  the  trunnions. 

The  internal  injuries  resulting  from  the  powder,  such  as  enlargement 
at  the  seat  of  the  charge,  and  cavities  produced  by  the  melting  away 
of  the  metal  by  tJie  heat  developed  by  the  explosion  of  the  charge,  are 
not  serious.  The  erosive  action  of  the  gases  is  not  great,  because  of  the 
almost  entire  absence  of  windage.  The  wear  of  the  vent  is  obviated  by 
the  use  of  copper  vent  pieces.  Lodgments  and  enlargements  are  not 
produced  in  ^ese  guns,  since  projectiles  nearly  the  length  of  the  bore 
are  used  and  therefore  there  is  no  balloting.  The  bore  may  be  scratched 
by  projectiles  and  sand,  but  that  is  not  a  serious  ii^ni?.  The  softness 
of  the  metal,  and  its  proneness  to  deterioration  under  rapid  firing  whidb 
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causes  heating,  though  grave  objections  to  the  oBe  of  bronze  for  field- 
pieces,  do  not  affect  ita  use  for  this  service,  where  rapid  firing  is  never 
resorted  to,  consequeutly  there  is  little  danger  of  heating  or  of  melting 
the  metal  of  the  lx)re.  Small  charges  of  powder  are  generally  use<^ 
therefore  little  is  to  he  apprehended  from  excessive  erosion. 

2.   PROJECTILES. 

Full  descriptions  of  these  are  given  in  a  subsequent  part  of  this  re- 
port. These  projectiles  are  modifications  of  Captain  Mauby's  shot. 
The  caliber  and  weight  have  been  reduced.  The  lengthening  of  the 
I)ore,  the  suppression  of  a  greater  part  of  Uie  windage,  and  the  employ- 
ment of  improved  lines,  have  increased  the  effective  force  of  the  powder, 
diminished  the  resistance  which  the  projectile  and  line  experience 
from  the  air,  and  have  extended  the  range.  It  will  be  seen  that  the 
weights  were  increased  as  the  esjieriments  proceeded ;  this  resulted  in 
decreasing  tlie  initial  velocity  and  the  consequent  violence  of  the  %ibra- 
tions  of  the  line  when  the  charge  of  powder  remained  constant.  These 
projectiles  are  carefully  turned  and  finished  to  fit  the  bore  of  the  gun 
accurately.  The  carefiil  method  of  finishing  renders  them  more  exi>en- 
sive,  bat  even  then  they  are  cheap.  Few  of  them  ai-e  required,  and  the 
resulting  eflSciency  counterbalances  the  extra  cost.  As  in  the  Parrott 
gnn,  the  bore  of  the  gnu  muKt  be  kept  clean  and  the  projectiles  tree 
from  rust. 

The  gun  being  of  bronze,  no  difiicidty  is  encountered  in  keeping  the 
Iwre  clean.  The  few  projectiles  at  each  station  are  easily  kept  free  from 
rust  by  the  men.  Bxperimental  proiectiles  Nob.  15, 16,  aud  17  are  the 
ones  recommended  for  use  with  2",  2" .5,  and  3"  giuis  respectively.  The 
3"  projectile  will  be  the  most  expensive,  as  it  has  to  be  bored  out  and 
filled  with  lead  to  increase  its  weight.  But  even  its  cost  is  trifling  as 
compared  with  rockets  and  some  patented  projectiles.  Lead  projectiles 
similar  to  experimental  proiectile  No.  13  are  found  to  upset  more  or 
less,  to  lead  the  bore,  and  to  strain  the  gun  greatly.  Wrought-iron  pro- 
ectiles  scratch  the  surface  of  the  bore  badly, 

3.  SHANKS. 

These  were  found  to  be  of  great  imi>ortance.  By  prolonging  them 
near  to  or  beyond  the  muzzle  of  the  gun  when  it  is  loaded,  they  keep 
the  Une  from  being  cut  ofT  by  the  passage  of  the  projectile,  and  do  away 
with  the  necessity  for  a  bne-supporter.  Several  kmds  of  shanks  were 
used.  It  was  found  that  with  verj'  short  shanks,  the  line  would  be 
burned  off  where  tied  in  the  eye.  It  was  suspected  that  this  arose 
partly  from  the  shortness  of  the  shank  and  partly  from  tlie  shape  of  the 
base.  The  gases  which  pass  over  and  around  the  shot  at  the  first  in- 
stant of  expansion  would  follow  the  incline  of  the  frustum  and  converge 
at  cud  near  the  apex  of  the  cone  produced.  The  ai>ex  was  near  the  eye- 
liote  of  the  shtH^  shanks.  Then  a  longer  shank  was  tried,  aud  that  por- 
tion of  its  length  between  the  base  of  the  shot  and  eye-hole  jioh^ed 
brightly,  in  order  tfl  ascertain,  if  possible,  whether  the  gas  converged  at 
&ny  point  upon  the  shank ;  aud,  if  so,  where.  The  result  confirmed  the 
hypothesis,  aud  a  very  dark  stain  showed  the  maximtun  convergence  of 
the  gas  to  be  about  the  apex  of  the  cone,  whose  frustum  formed  the  base, 
or,  perhaps,  a  little  in  iront  of  it.  Long  shanks  were  afterwards  used, 
and  with  great  success.  The  earlier  shanks  were  maile  of  whatever 
scrap  could  be  obtained  for  the  sake  of  economy.    At  first  the  thread  ez- 
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tended  an  incli  and  a  half  into  the  shot,  but  the  jouction  of  the  thread 
and  body  waa  found  to  be  a  itoint  of  weakness,  which  should  have  been 
anticipated,  especially  as  it  came  directly  at  the  base  of  the  shot,  where 
the  greatest  strain  was  thrown  on  the  shank  when  the  projectile  reversetL 
They  were  found  to  bend  and  crack  at  tliis  point.  Tlie  next  step  was  to 
shorten  the  length  of  the  screw-thread  and  let  the  body  of  the  shank 
extend  a  short  distance  into  the  shot.  This  was  an  improvement,  but 
continued  practice  upon  hard  earth  showed  that  the  shank  could  be 
bent  and  waa  still  weak.  A  shank  forged  from  wrought  iron,  with  the 
dimensions  increased^  was  then  made  and  adopted.  It  may  be  seen  in 
exi)eriiiiental  projectiles  Jfos.  15, 16,  and  17.  A  few  very  long  shanks 
were  tried  and  behaved  very  well.  The  shanks  should  always  be  of  the 
best  wrought  iron,  and  should  be  cai-efully  forged  and  flniahed.  A  steel 
shank,  that  was  made  by  mistake,  broke  oft'  in  firing,  showing  thut 
material  to  be  too  brittle  for  this  purpose. 

in,  GUN-CAERIAQES. 

The  Rnn-carriagea  are  made  with  wootlen  cheeks,  bound  with  iron. 
They  combine  elasticity  with  strength,  and  act  well  upon  sandy  beaches. 
The  wrought-iron  handles  increase  the  ease  with  which  they  may  be 
carried.  If  necessary  the  gun  may  be  dismounted,  and  carried  by  one 
man  upon  his  shoulder,  while  another  takes  the  carriage.  Two  projec- 
tiles may  be  placed  upon  the  rear  transom  and  the  whole  carried  easily 
by  four  men.  The  small  gun  and  carriage  are  intended  to  be  carried  by 
two  men  j  here,  as  before,  the  projectiles  may  be  placed  upon  the  rear 
transom.  The  load  may  be  balanced  by  sliding  the  hands  along  tiie 
handles.  The  addition  of  iron  cheek-straps  increases  greatly  the  dura- 
bility of  the  carriage.  The  carriages  for  guns  C  and  B  are  the  ones  rec- 
ommended for  adoption.  The  vent  pieces  of  the  gnns  prctject  high 
enough  to  avoid  difflcidty  in  the  use  of  friction  primers  at  ordinary 
angles  of  elevation.  Gun  B  and  carriage  are  too  light  to  be  used  with 
ordinary  friction  primers  without  some  danger  of  disturbing  the  point- 
ing of  the  piece,  as  the  primers  pull  off  too  hard. 

IV.  SPOJTGE  AND  RAMMER. 

A  single  staff,  with  a  rammer  head  on  one  end  and  a  sponge  on  the 
other,  constitutes  this  implement. 

V.  WIPDfG-EODS. 

These  were  made  from  old  condemned  musket  ramroils  of  obsolete 
pattern.  One  end  is  ciirvetl  to  form  an  eye,  and  a  corkscrew  wiper  is 
screwed  on  the  other  end.  This  is  useful  for  withdrawing  cartndges 
when  necessary,  and,  with  flannel  or  cotton  waste  wrapped  around  the 
wit>er,  is  valuable  for  cleaning  the  bore  of  the  gun.  It  also  may  be  used 
as  a  rammer  for  pressing  home  the  cartridge,  by  reversing  it  and  insert- 
ing the  eye  end  in  the  bore. 

VI.  PRnimG-WIEES. 

Two  of  these  are  issued  with  each  gnn,  as  one  may  be  lost.  They  are 
made  of  steel  or  brass  wire,  preferably  of  the  former. 
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VU.  GlISSrBR'S  HAVERSACK. 

One  of  these  should  1)e  issued  with  each  piece,  to  be  carried  by  the 
keeper  of  the  station.  The  cartridges,  friction  primers,  priraing-wires, 
lanyard,  cotnhination  level,  and  a  piece  of  fiauoel  for  use  with  the  wiper 
are  carried  in  tliis  pouch. 

Vni.  POWDER. 

Xo  particidar  kind  of  powder  has  ever  been  adopted  for  use  at  the 
life-saving  stations.  "Pebble"  powder  was  deemed  too  large  grained, 
and  "rifle"  powder  too  fine  grained  for  this  service.  Four  different 
specimens  of  powder  were  procitred  from  the  Hazard  Powder  Company. 

The  tests  for  initial  velocity,  which  will  be  given  npon  subsequent 
pages,  show  that  SAvy  cannon  powder  gives  a  good  initial  velocity  for 
a  not  excessive  strain  or  pressure.  That  teat,  however,  was  not  a  fair 
one  for  this  powder,  which,  on  account  of  it«  laJ-ge  grain,  was  more  or  less 
broken  and  compressed  in  loading  the  metallic  shells.  It  is  probable 
that  both  the  velocity  and  pressure  are  too  great  as  given.  The  uniform 
action  of  this  powder  during  the  esi)erimenta  was  such  as  to  commend 
it  to  very  favorable  notice.  Musket,  rifle,  and  duck-shooting  powders 
are  all  more  or  less  quick  and  violent  in  their  action.  The  musket 
(Hazard)  is  very  uniform,  but  qnite  too  rapid  in  its  inflammation.  A 
chrect  oomparison  of  tliese  powders  was  made,  with  the  results  given 
below. 

CmhjmiHmim  of  differtnl  Unit  of  povJar, 
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From  the  above  table  it  will  be  seen  that  the  ilfavy  cannon-powder 
acted  very  uniformly,  four  of  the  five  shots  being  almost  identical.  The 
^'sea-shooting  duck"  is  represented  as  giving  the  best  me-an  range;  this 
is  explained  by  the  difference  in  the  velocities  of  the  wind.  The  wind 
was  light  when  the  "duck"  powder  was  used. 

The  Xavy  cannon  is  much  coarser  grained  than  the  musket  or  rifle 
powder,  but  is  not  so  coarse  but  tbat  moat,  if  not  all,  of  it  is  consumed 
before  the  projectile  leaves  the  piece.    Army  cannon  is  too  coarse 
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grained ;  a  portion  of  the  charge  ia  loat  by  being  blown  £rom  the  gun 
before  completely  consumed.  Selecting  from  uie  samples  tested,  the 
preference  should  be  given  ti)  the  Hazard  Kavy  cannon.  The  effect  of 
a  powder  depends  more  upon  the  manner  of  loading  than  has  been 
eupx)osed  by  those  who  are  not  a4M!ust.omed  to  dealing  with  it.  A 
charge  of  Navy  cannon  can,  by  two  or  three  forcible  jams  of  the  pro- 
jectile when  inserted  in  the  bore,  be  so  compressed  and  the  grains  so 
broken  as  to  exhibit  all  the  violence  of  a  fine-grained  powder.  Powder 
stored  along  the  coast  is  exiwsed  more  or  less  to  the  moisture  of  the 
sea-air  and  deteriorates  very  rapidly.  Since  only  small  quantities  are 
kept  at  the  life-saving  stations,  the  powder  should  be  renewed  au- 
nimlly  and  the  stock  on  haud  used  for  drilling  and  exercising  with  the 
api)aratu8. 

IX.  SHOT-LINES. 

On  a  comparison  of  the  tables  of  the  breaking  weights  of  the  different 
shot-lines  it  will  be  seen-tbat,  in  every  instance  except  two,  the  linen 
lines  are  stronger  than  the  hemp.  It  will  also  be  noted  tlnit  the  linen 
lines  have  more  stretch  per  liiioai'  foot  than  the  hem])  lines.  Tbe  tables, 
&c,  may  be  found  upon  snbsetiuent  i)ages.  The  braided  linen  liues 
have  proved  8ui)eriorin  usefuluess  to  the  hemp.  The  preference  shoiUd 
be  given  to  luibleached  bnen  thread  for  the  majinfacture  of  shot-Hues. 
Great  care  should  be  taken  that  none  but  the  best  thread  be  put  iu 
such  liues,  and  that  in  braiding  a  continuous  line,  when  the  spools  are 
changed,  they  should  not  all  be  changed  at  the  same  momeuL^else 
a  weak  spot  is  the  result.  Bleaching  of  any  kind  is  harmfuL  Hemp 
is  too  brittle  and  becomes  very  harsh  after  a  few  shots.  The  water- 
proof lines  pass  through  the  air  with  less  fiiction  than  thoae  having 
the  ordinary  finish,  and  generally  attain  a  better  range.  The  vibra- 
tions of  the  line  due  to  faking  is  the  greatest  danger  to  which  it 
is  subjected.  These  vibrations  reach  their  maximum  ampbtude  iu 
tlie  first  part  of  the  trajectory,  when  the  velocity  of  the  shot  is 
greatest.  A  place  varj-iug  from  20  to  40  yards  from  the  shot  seems 
to  be  the  critical  point.  In  that  vicinity  the  line  generally  breaks. 
It  is  a  case  quite  similar  to  that  of  snapping  a  whip  and  break- 
ing off  the  farther  portion  of  the  lash.  There  is  little  doubt  but  that 
long  storage  of  lines  will  destroy  their  good  qualities.  Lmes  after 
being  storwl  for  a  year  or  two  should  be  used  for  practice  drills.  Sew 
lines  when  first  received  are  stiff  and  refractory ;  this  makes  them  dif- 
ficult to  fake.  They  should  be  wound  from  the  original  coil  upon  a  reel, 
to  avoid  twisting,  and  should  be  fired  once  or  twice  with  light  charges 
of  three  or  four  ounces  of  powder.  This  usage  will  make  them  a  little 
more  flexible,  so  that  they  can  be  faked  with  less  trouble.  New  lines 
if  possible  should  be  used  when  firing  over  wrecks.  There  should  al- 
ways be  more  than  one  good  line  at  the  station,  for  a  line  once  wet  be- 
comes difficult  to  handle.  New  lines  have  not  bad  the  stretch  taken 
out  of  them  by  firing,  and  consequently  are  not  apt  to  be  broken  should 
it  be  necessary  to  fire  with  heavy  charges. 

X.  FAKING-BOXBS. 

These  are  boxes,  peculiarly  constructed,  to  contain  the  shot-lines  and 
preserve  them  in  readiness  for  firing  at  a  moment's  notice.  Their  size 
varies  with  the  diameter  and  length  of  hue  to  be  stored  for  service.  It 
has  been  found  that  the  less  the  boxes  in  length  and  width,  the  better 
they  were  adapted  to  prevent  the  rupture  of  the  shot-line,  in  consequeuce 
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of  the  necessary  Bhorteiiiiig  of  the  fakes  in  the  line.  Experiment  showed 
that  short  fakes  or  loops  of  line  diminislied  very  markedly  the  length  or 
amplitude  of  the  vibrations  in  the  line  when  running  out  of  the  box.  In 
the  case  of  long  fakes,  the  line  would  break  at  the  bend,  or  change  of 
direction  of  the  hne,  before  its  inertia  was  overcome.  The  effect  was  the 
same  as  if  the  line  had  been  nailed  fa-st  at  the  ends  of  the  fakes.  This 
was  e8j)ecially  noticeable  in  the  case  of  hemp  lines,  whose  fibers  are  very 
brittle  though  very  strong.  In  the  effort  to  diminish  the  lengths  of  the 
fakes,  experiments  were  made  with  boxes  of  lesser  length  and  width 
than  those  used  in  service  at  present.  This  required  the  faking-pins  to 
be  longer.  This  iteration  demanded  a  much  deeper  faking-box  and 
one  that  had  to  have  some  method  devised  to  hold  it  at  the  proper  in- 
clination when  about  to  Are.  This  form  of  box  failed  for  the  following 
reasons,  namely :  the  faking-pins  were  so  long  that  they  bent  toward 
each  other  unduly  in  the  process  of  faking,  rendering  it  somewhat  diffi- 
cult to  disengage  the  line  from  them  at  the  critical  moment,  and  bring- 
ing Ruch  a  strain  ni»on  the  frame  that  it  was  liable  to  split.  To  remedy 
these  defects  the  frames  and  faking-])ius  would  have  to  be  made  hea\ier 
and  longer,  which  would  add  to  the  weight  of  the  box ;  a  i-esult  not  de- 
sired. Increasing  the  depth  of  the  box  weakened  it  and  made  it  more 
liable  to  be  broken  by  the  auccessive  Impacts  of  the  vibrating  fakes, 
which  are  always  severe.  It  was  fomid  advisable  to  keep  the  height  of 
the  pins  the  same  as  at  present  and  to  make  the  boxes  of  a  size  just 
capable  of  holding  the  shot-lines,  provided  that  in  no  instance  should 
the  boxes  be  longer  than  three  feet.  Four  sizes  of  boxes  were  used, 
marked,  respectively,  A,  B,  C,  and  D.  Boxes  A  and  B  are  the  sizes  now 
used  in  the  service ;  C  and  D  were  designed  and  used  with  hues  No.  5  and 
So.  3J,  resi)ectlvely.  It  was  found  that  the  life  of  a  wooden  faking-box, 
when  heavy  charges  of  powder  are  used,  is  short.  The  vibrations  of  the 
line,  especially  the  lateml  ones,  which  originate  in  the  change  of  the  line 
from  tier  to  tier  of  fakes,  are  powerliil  enough  to  split  the  ends  of  the 
box  and  to  start  the  dovetailing  after  a  few  shots.  In  fact,  the  ends  of  the 
box  are  sometimes  spht  at  the  first  fire.  The  split  usually  occurs  about 
four  inches  from  top  of  the  hox.  The  uatiu-al  \ibnitions  of  the  line,  due 
to  Us  position  in  the  tiers  of  fakeSj  would  he  in  diagonal  planes  nearly  at 
right  angles  to  each  other ;  this  gives  rise  to  a  resultant  ribration,  whose 
plane  is  variable,  depending  on  several  changing  circumstances.  When 
this  resultant  plane  happens  to  assume  a  jMisitiou  perpendicular  to  the 
Iwttom  and  longer  axis  of  the  faking-box,  either  the  bottom  or  the  up- 
permost Bide  of  the  box,  and  sometimes  both,  are  liable  to  be  spht.  The 
plane  of  resultant  vibration  is  so  unstable  in  position  that  this  does  not 
often  occur;  the  ends  are  much  more  apt  to  be  split.  It  was  found  that 
the  interior  edges  of  the  box  acted  as  kidfe  edges,  cutting  the  rapidly 
paying-ont  hues,  and  this,  too,  when  the  boxes  are  made  of  soft  pine 
and  the  edges  are  angles  of  90°.  The  velocity  of  the  passage  of  the 
hne,  together  with  the  striking  due  to  the  vibrations,  comj)ensated  for 
the  nnfevorable  nature  and  material  of  the  knife  edge.  The  edges  were 
rounded  and  tio  further  difficulty  was  experienced  from  that  cause.  Some- 
times the  entire  line  was  carried  out,  the  end  being  taken  in  some  in- 
stances more  than  100  feet  in  front  of  the  hox.  Should  this  occur  in  serv- 
ice, the  shore  end  might  be  carried  out  into  the  water  and  be  beyond  the 
reach  of  the  surfmen,  though  ])erfectly  successfhl  in  all  other  patticulars. 
To  prevent  this,  a  small  notch,  about  the  size  of  the  diameter  of  the  shot- 
line,  is  out  in  the  side  of  the  box,  and  all  its  edges  and  comers  carefully 
lonnded  and  smoothed.  Similar  notches  (which  need  not  he  rounded) 
are  cut  in  each  aide  of  the  "  false  "  bottom.    Then,  after  faking  the  line, 
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the  operator  leads  tbe  end  in  his  band  down  one  side  of  the  tiers  of  fohes 
to  either  of  the  notehes  in  the  "  false  "  bottom,  and  the  assistant  puts  the 
laking-box  over  the  rope  and  pins,  with  the  notch  in  the  bos  on  the  side 
where  the  hue  is  led  out ;  this  allows  the  l>ox  and  frame  to  be  fiisteued 
together  withoiit  trouble,  and  leaves  the  shore  end  of  the  line  hanging 
from  the  boi.  In  firing,  the  rtotched  side  of  the  faking-box  is  placed  upper- 
moat  and  the  protruding  end  made  fast  to  another  line  on  shore,  to  obviate 
the  danger  of  its  loss  by  being  hauled  out  to  sea.  In  the  service  boxes, 
the  frames  and  boxes  are  held  together  by  two  staples  and  a  hook.  The 
latter  was  always  coming  out,  exposing  the  frame  and  hue  to  the  chances 
of  falling  and  becoming  entangled  in  transportation.  Hasps  and  turn- 
buttons  were  tried  on  the  experimental  boxes;  tliesCj  though  safe,  some- 
times gave  trouble  in  getting  ready  for  firing  when  m  great  haste,  and, 
the  button  being  on  the  box,  it  was  thought  to  give  an  opportunity  for 
the  Une,  when  vibrating  or  whipping,  to  catch  and  be  cut  ofif.  Hasps, 
staples,  and  lever  snap-hooks  are  now  recommended  for  triah  The 
boxes  now  made  have  the  corners  strengthened  for  about  five  inches 
with  yellow  metal  (an  alloy  of  tin  and  copper,)  angle  pieces  at  each 
comer  near  the  bottom'— top  when  in  position  for  firing. 

XI.  EXTENT  OF  RANGE  OF  SHOT-LDTE. 

In  most  all  of  the  accounts  of  trials  and  experiments  with  line-carry- 
ing api>aratua,  the  subject  of  range  sepms  to  be  the  only  one  considered. 

If  the  attention  of  inventors  i»  calletl  to  the  fact  that  aecaracy  also  is 
in  some  degree  required,  they  immediiitcly  wander  from  tlie  point,  and 
bring  up  tlie  fact  of  the  slight  deviation  of  their  projectiles  fixtm  the 
plane  of  fire  as  conclusive  evidence  that  their  method  is  perfect, 

Tbe  minimum  lateral  deviation  or  accuracy  with  which  a  line  can  be 
extended  a  given  distance  is  a  matter  of  vastly  more  importance  than 
apparently  has  ever  been  accorded  by  exijerimenters.  The  deviation 
of  the  projectile  is  seldom  excessive,  while  the  bowing  or  drift  of  the 
line  may  be  out  of  all  projrortion. 

What  advantage  accrues  if  a  range  of  a  mile  be  obtained  when  at 
every  shot  the  line  falls  clear  of  the  vessel  by  perhaps  many  yarils,  due 
to  the  lateral  drift  of  the  line  from  the  eft'ect  of  the  windt  The  drift  or 
lateral  de\iation  of  the  shot-line  from  the  plane  of  fire  increases  with 
the  lightness  of  the  Une,  the  increase  in  tbe  angle  of  elevation  of  the  gun, 
and  the  diminution  of  axial  tension  upon  the  line;  and,  lastly,  it  depends 
greatly  upon  the  horitzontal  angle  that  the  directions  of  transverse 
winds  make  with  the  plane  of  fire.  The  effect  of  the  wind  is  greatest 
when  this  angle  is  90°  or  blowing  directly  across  the  i>lane  of  fire.  With 
Ught  Unes,  longer  ranges  but  less  accuracy  are  obtained.  Tlie  greatest 
range  on  record  for  a  mortar  and  Une-carrying  projectile  was  obtained 
with  gun  A  and  a  Silver  Lake  braided  linen  line  No.  3 J.  This  range  was 
694^  yards,  measured  distance. 

lie  greatest  range  heretofore  obtained  with  a  mort^  was  631  yards, 
reported  by  Captain  Ottinger.  How  accurately  this  range  was  meas- 
ured, or  whether  the  distance  was  only  estimated,  or  what  size  of  line 
was  need  is  unknown  to  the  writer ;  bnt  that  the  mortar  was  very  much 
heavier  than  the  one  used  in  the  case  above  cite<l  is  beyond  doubt. 

A  range  of  400  yards  is  luiderstood  to  be  about  the  maximum  range 
necessary  for  the  requirements  of  the  serAdce  along  our  coasts,  and  it  is 
not  probable  that  a  hawser  and  life-car  can  be  used  with  success  over 
even  so  great  a  distance. 
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Xn.  VELOCITY  OF  THE  WIND. 

Th«  velocity  of  the  wind  given  in  the  tables  of  fire  ia  not  the  actaal 
Telocity  at  the  inatant  of  &img.  The  results  are  the  mean  velocitiea  of 
the  wind  during  the  intervals  between  the  shots.  This  interval  varies 
generally  from  10  minutes  to  40  miniites.  The  method  of  obtaining  the 
velocities  is  as  follows :  A  reading  of  the  anemometer  was  taken  a  few 
minntea  before  the  first  shot  upon  any  given  day,  together  with  the  time 
of  observation  |  the  second  reading  was  taken  directly  after  the  first  shot; 
the  third  readmg  was  taken  directly  after  the  second  shot,  and  simi- 
larly for  the  subsequent  shots.  From  these  times  and  readings  the 
mean  velocity  of  the  wind  during  the  intervals  was  computed. 

It  was  found  by  observation  that  the  velocity  of  the  wind  was  con- 
stantly changing  and  came  in  variable  puffs ;  that  it  would  firesben  up 
for  a  moment  or  two  and  then  die  away  more  or  less.  The  interrak 
between  the  observations  would  often  comprise  several  of  these  alter- 
nate maximum  and  minimum  periods.  In  order  that  the  mean  velocity 
(the  one  recorded)  should  always  fell  behw  the  actual  velocity  at  the 
loBtant  of  firing,  the  piece  was  not  fired  uutQ  the  wind  freshened  and 
was  blowing  with  its  greatest  force. 

The  surface  velocity  of  the  wind  appeared  generally  to  be  less  than 
that  above  the  gronnd  at  the  summit  of  the  trigectory.  This  was  seen 
in  the  effect  upon  the  line,  especially  when  the  wind  was  blowing  directly 
across  the  plane  of  fire.  The  anemometer  for  surface  velocities  was 
always  placed  opposite  the  200-yard  stake,  except  during  the  last  few 
days  of  the  experiments,  when  it  was  situated  50  yards  in  front  and  to 
the  right  of  the  firing-point.  It  would  have  been  placed  near  the  300- 
yard  stake,  but  for  the  feet  that  the  labor,  already  great,  of  walking  down 
and  back  after  every  shot  would  have  been  increased.  The  writer  took  all 
readings  himself,  and  either  loaded  the  piece  or  was  present  every  time 
it  was  loaded  and  fired  during  the  experiments,  l^is  necessitated  a 
great  deal  of  toil  through  the  sand. 

During  many  gales  and  storms  for  the  past  year  observations  were 
made  as  to  the  frequency  in  duration  of  the  temporary  lulls  of  the  wind. 

These  were  found  in  the  generality  of  cases  to  occur  often  and  to  last 
for  a  varjdng  interval  of  time,  ranging  &om  7  to  20  seconds.  Now,  ex- 
periments show  that  line-carrying  projectiles  rarely  occupy  more  than 
SJ  seconds  in  their  flight,  and  that  it  takes  &om  6  to  16  seconds  more 
for  the  line  to  settle  to  the  ground,  depending  upon  the  angle  of  eleva- 
tion at  which  the  gun  is  fired  and  the  weight  of  the  line.  Here,  then,  for 
extreme  cases  it  may  be  seen  that  an  interval  of  about  25  seconds,  and  in 
ordinary  cases  about  half  that  period,  is  required  to  fire  the  piece  and 
to  allow  the  shot  to  describe  its  trajectory  and  the  line  to  settle  upon  the 
groond  or  water.  Therefore  the  piece,  in  case  of  wreck,  should  be  pre- 
pared for  firing,  and,  with  lanyard  taut,  the  gunner  should  await  the 
larorable  lull  or  moment  of  least  violence  in  the  gale,  and  then  fire  tho 
piece  without  loss  of  time. 
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CHAPTER    II. 
LIFE-SAVING  APPARATUS. 


The  following  guna  and  projectiles  are  recommeDded  for  the  Life-Sav- 
ing  Service: 

The  caliber  of  the  gon  will  depend  npon  the  size  of  line  used  and  the 
range  required. 

For  ranges  of  300  yards  and  less,  "with  heavy  lines  (larger  than  No. 
7)^  3-iuch  gun  should  be  used. 

For  ranges  of  400  yards  and  less,  with  service  braided  lines  between 
TSos.  4  and  7,  a  2.6-incli  bronze  gnn  should  be  used. 

For  ranges  of  250  yards  and  less,  with  service  lines  between  Nos.  4 
and  7,  a  2-inch  bronze  gun  will  be  sufticient. 

It  will  be  seen  by  comparing  the  above  recommendations  with  the 
reconls  of  firing  that  the  ^>Titer  has  alloweii  a  wide  margin  or  &ctor  of 
safety,  as  far  as  range  is  concerned,  for  even  tlie  2'iuch  bronze  gun  (B) 
has  no  recorded  range  of  less  than  278  yards,  and  tliat  too  with  a  hea^'y 
No.  7  line. 

I.  BEONZE  LIFE-SATING  GUNS. 

These  guns  are  intended  to  be  used  in  connection  with  projectiles  bay- 
ing lines  attached  to  them  for  the  purpose  of  eifecting  conununication 
between  the  shore  and  stranded  vessels ;  or,  under  favorable  circiun- 
stances,  they  may  be  used  on  shipboard  for  tll^o^ri^g  lines  to  the  shore. 
These  guns  are  chiU-cast,  ha^'iug  smooth  bores  of  3",  2".3,  and  3"  in 
diameter,  respectively. 

1.  2.5-IKOH  LIPE-SAVraa  GUN. 

[Model:  Bronze  gtin  C.    C&liber;  2.5iiicbee=6.^c«ntiiiioten.] 

(Plate  T.) 

The  exterior  of  this  gim  is  divided  into  four  principal  parts,  viz,  the 
hreech,  the  firat  reinforce,  the  second  reinforce,  and  the  chase. 

The  breech  is  a  hemisphere  whose  radius  is  equal  to  the  semi-diameter 
of  the  firat  reinforce. 

The  first  reinforce  is  cyliudrical,  and  extends  from  the  base  of  the 
breech  to  a  point  in  front  of  the  axis  of  the  trunnions. 

The  second  reinforce  is  a  short  frustum  of  a  cone,  Joining  the  first  rein- 
force to  the  chase.  The  latter  is  cj'lindrical,  and  is  of  a  lesser  diameter 
than  the  first  reinforce. 

The  chase  is  terminated  in  front  by  the /ace  of  the  piece  without  any 
swell  of  the  muzzle  or  mnzsle-baud.  The  cascabel  and  trunnions  are 
short  cyUnders. 

The  rimbases  nnite  with  the  exterior  surface  of  the  gun  by  tan- 
gent-curved surfaces. 

The  vent  piece  is  of  copper.  The  vent  is  perpendicular  to  the  axis  of 
the  bore,  and  is  1.25  inches  (=3.175centimeters)  Srom  the  bottom  of  the 
hore. 

The  bore  is  cylindrical,  and  is  terminated  at  its  lower  extremity  by  a 
hemispherical  chamber,  by  which  term  it  is  proposed  to  designate  the 
bottom  of  the  bore. 
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N'omenclature. 

A— Breecli.  F~Bore, 

B — First  reiiiforce.  G — Trunnions. 

C — Se<vnd  reinforce.  H — Rimtjases. 

I>— Chaae.  I— Cascabel. 

E— Chajnber.  V— Vent. 

DimensionSf  tfrc 

Inchw.    CeDtini'n. 

Diameter  of  fint  reinforce .■ 5.5    =  13.97 

Diuiielerof  chaBe 4.5    =  11.43 

Diameter  of  bore 2.5    =    6.35 

Diameter  of  tmnniona 3.0    =    5.08 

Diameter  of  rimbBHes S.8    =    7.113 

Diameter  of  cascabel 1.5     =:    3.81 

Diiuiieter  of  vent 3     =      .506 

Raitiiu  of  breech 2.75  =    6.98B 

HaOins  of  Ebamber 1.25  =     3.175 

RadinsofcbMe 2.35  =    5.715 

LfDgthof  fintt  reinforce 8.50  =  21.59 

Len)(th  of  second  reinforce 2,00  —    5.08 

Leiigth  of  chase 9.5     =  34.13 

Lfngthof  bore,  exclusive  of  chamber 18.75  =  47.624 

Tola!  length  of  bore 30.00  =  50.799 

Lenph  of  trnnniona 3.0    =     5.08 

L«D^h  of  rimbascs 1     =       .254 

Length  of  eascalMil 1.5    =    3.81 

Distance  of  vent  from  bottom  of  bore 1.25  =    3.175 

Distance  between  the  rim  baaes 5.7    =  14.478 

Total  lenjfth  of  piece 24.25  =  61.594 

Weights. 

Lba.  Kilo*. 

Weight  of  piece lOe.25  =  49.096+ 

Pnponderauce 1.5    =    0.680+ 

2.  2-mCH  UFE-SATISa  OUN. 

[Model:  Bronxe  gnn  B.     Caliber:  2  inches  =  5.06  centimeteis,] 

{Plate  rv.) 

This  gnn  is  of  the  same  general  form  aa  gun  "C  (2".5),  bnt  is  mach 
smaller  and  lighter. 


A— Breeeb.  F— Bore. 

B — FiTMt  reinforce.  G — Tmnnions. 

C — Second  reinforce.  H — Cawabet. 

D— Cbase.  V— Vent. 

E — Chamber. 

Dimensions,  dx. 

Diam«er  of  first  reinforce 4.0  =  10.16 

Diameter  of  chose 3.5  =  8.89 

Diameter  of  bore 2.0  =  5.06 

Diameter  of  trunnions 1.76  =  4.445 

Diameter  of  cascabel 1.5  ^  3.61 

IHameter  of  vent 3  i=  .508 

Radiaa  of  breech 3.0  =  5.06 

Radiog  of  chamber 1.0  =  3.54 

Eadinaof  chaac 1.75  =  4.445 

Lrogth  of  first  reinforcs 8.0  =  20.32 

I^gth  of  second  reinforce 1.0  =  2.54 

Length  of  chase 9.0  =  22.86 
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lieneth  of  boK,  oxcluuTe  of  chamber 17.0  =  43.179 

Total  length  of  bore 18.0  =  45.719 

Length  of  tronnioiia 1.5  =  3.61 

Leugthof  cancab^l 1.5  =  3.81 

Distance  of  Tent  from  bottom  of  bore 1.25  ^  3.175 

Dint ance between  tile limbaaeB .......... . 4.0  ^  10.16 

Totallength  of  gun 81.5  ==  54.609 

WeigiU. 

*  LlM.  Kilo*. 

Weight  of  piece 54.35  =  34.607  + 

Preponderance 1.0  =     .453+ 

(Note. — A  S-inch  (=  7.62  cetitimetere)  pin  may  be  made  ilifFering  Lut 
slightly  in  weight  and  diiiiensionB  from  the  2J-iucb  above  given.  The 
model  is  essentially  the  same  in  both.] 

II.  PROJECTILES, 

1.  2.5-INCH  PEOJECTILE. 

Diameter,  2JJ  iuches=6.35  centimetcra. 

{Plate  XXII.) 

TtiisisaBolid  cast-iron  shot.  Tlie  formiacyliudro-ogival.  Afl-ustum 
of  a  cone  fonn8  the  base. 

The  nulins  of  the  ogival  head  is  equal  to  one  diameter  of  the  shot,  A 
wTought-iron  shank  is  scrcwetl  into  the  ba!<e,  having  au  eye  at  its  imste- 
rior  extremity  for  attaching  the  shot-line. 

DimemioM. 

Total  leuffth 15.7  =  39.W7 

Lontfth  of  ogival  head 2.17  =    5.5118 

KodiiiHof  litiful 3.5  =    6.350 

Length  of  cylindrical  uart 12.43  =  31.5712 

Diauiotcrof  cylindiicalpart 2.5  =    6.350 

Length  of  fruetuni 1.1  =    2.794 

Diameter  of  smaller  baae  of  frustiun 1.35  =    3.439 

Shauk— Totalluntcth 6.5  =±  16.510 

Length  of  screw 1.5  =    3.810 

DiaiiiBtorofHcrew 1.0  =    2.540 

Liingth  from  plane  of  base 5.0  =  12.700 

DiHtauce  from. baae  to  center  of  eye-hole 4.5  ^  11.430 

Diameter  of  eye-hole — ... 4  ^^    1.016 

Widthateye I.O  =    2.540 

Thickncsa  at  eye 4  =    1.016 

Diameter  of  ueck .625  ^     1.5:i:'75 

Distance  of  center  of  gravity  from  plane  of  base 7.45  ^  18.923 

Weight. 

.  Lb*.  KilM. 

Weight,  about 19         =    8.61+ 

2.  2-mCH  PBOJECTILB, 

Diameter,  2  inches =5.08  centimeters. 

(Plate  XVIII. } 

This  projectile  is  similar  to  the  larger  calibers,  being  cyUndro-ogiva. 
in  form,  with  a  conical  fhistum  for  its  base.  The  racUua  of  the  ogival 
head  is  equal  to  one  diameter  of  the  shot.    The  body  ia  of  caat  iron. 
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An  axial  carity,  bored  from  the  base,  runB  nearly  the  whole  length  of 
tlie  projectile.  Into  this  cavity  melted  lead  is  poured  and  allowed  to 
cool,  after  which  the  shank  is  screwed  in.  The  lead  iucreasea  the  weight 
of  the  shot  without  increasiug  its  volume. 

IHinensions. 

lushea.  CeoHin'n. 

T«[»U«ngth 15.0  =  33.090 

Lcnphofogivalhead 1.73  =    4.3942 

Euliiuaf  head 2.0  =    S.OaO 

Ltugth  of  cylindrical  part 12.27  =  31.1148 

Dimiifter  of  cylindrical  part 2.0  =    5.IW0 

L^njjth  of  fruBtnm 1,0  =    2.&40 

Di»iiiel«r  of  smaller  base  of  frustnm 1.375  =    3.4!t25 

Aiial  caTity— Totallength 13.5  =  34.iW9 

Length  tilled  with  lead 12.0  =  30.479 

Diameter 1.0  =    2.540 

SlutDk— Total  length 6.5  =  16.510 

Length  of  Bcrew-thread 1.5  ;=    3.810 

Diameter  (exterior)  of  Bcrow-thread 1.1  =    2.7W 

length  lioiD  plane  of  baae 5.0  =  12.700 

Ui«tance&om  base  to  center  of  eye-hole 4.5  i=  11.430 

Diamoter  of  eye-hole 4  =    1.016 

Width  at  eye 1.0  =    8.54 

Thickneas  at  eye 4  =    I.OIG 

Diameter  of  neck .562S  =    l.4*W5 

Dlstuiceofceuter  of  gravity  from  base 7.0  =  17.7S 


Lba.  SUoa. 

Weight,  a  little  more 13      =    5.8S« 

3.  3-INCH  PEOJECTILB. 
Diameter,  3  inches=7.62  centimeters. 
(Pkte  XI.) 

This  is  an  elongated,  solid,  cast-iron  smoothbore  projectile.  In  fonn 
it  is  eyliudro-ogival,  with  a  frustum  of  a  cone  for  its  base. 

The  radius  of  the  ogival  head  is  equal  to  the  diameter  of  the  shot. 
Tlie  edges  or  angles  about  the  base  are  slightly  rounded, 
A  thank,  or  eye-bolt,  of  wrought  iron  is  screwed  into  the  base  of  the 
projectile  to  serve  as  a  i>oint  of  attachment  for  the  sliot-Une. 

Dimetmom. 

Inohra.  Cenllm'™. 

Totallenith 13.8  =35.031 

UniElh  of  i^val  head 2.6  —   6.604 

KwbiiBothead 3.0  —   7.620 

Lrnicth  of  cylindncal  part 9.9  —  :^.  146 

Waiiwl*r  of  cylindrical  part 3.0  —   7.620 

length  of  frustum 1.3  —    3.302 

I>iameleriif  smaller  hase  of  fiiutum 1.7  —    4.318 

atank— Total  length 6.5  =16.510      * 

Length  of  screw 1.5  —   3.810 

Diami>t«r  of  strew 1.0  —   2.540 

Lmgth  from  gilaoe  of  base 6.0  =12.700 

DiBtancd&Dm  base  to  center  of  eye-hole 4,5  —  11.430 

Diameter  of  eye-hole ,. .4  ^   1. 016 

Widthateye 1.0  =  2.540 

Thickness  at  eye 4  —    1.016 

Diameter  of  neck 625  —   1.5875 

^Veight. 

Um.  Kfld*. 

"light sbottt 23  —10.432  , 
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m.  GUN-CAEBIAGES. 

The  camagea  or  beds  for  these  guna  are  shown  in  the  accompanyinf 
drawings,  wliich  are  sufficiently  expianatory.  The  cheelis  and  front  tran- 
som are  of  wood,  and  all  other  parts  are  made  of  metal ;  wrongbt  iron  in 
the  two  already  made. 

Weights. 

1.  Carriage  for  2.Q  and  3  inch  guna. 

(Plate  XXVII.) 

LIm.  Kiloa. 

For  ffoa  C,  caniafce  aoil  qauin 54.25    >~2i.iitc.f 

Fui'  gun  C,  cuniagi!  uloue  (49.41  lbs.),  ba; 60.  0       ^32.l>- 

2.  Carriage  for  2-inch  gun — {Oun  B). 
(Plate  XXVI.) 

Um.  Kiln-. 

35.0       — 15.-;« 

33.5      — LM!« 

IV.  FAKING  BOXES. 

Falfing-box  A  should  be  used  for  lines  Nos.  0  and  7. 

Faking-box  B,  for  braided  lines  Nos.  4  and  4J.  i 

Fakiiig-box  C,  for  braideil  line  No.  5. 

Faking-box  D,  for  braided  line  No.  3^.  I 

V.  SHOT-LINES. 

.  The  Silver  Lake  Company's  braided  linen  lines,  Nos  SJ,  4,  4J,  5,  6.  anil 
7,  should  l)e  preferred.  No,  3J  is  a^lvisable  wliere  extreme  ranfj^  is  r^ 
quired.  The  others  may  be  used  in  ordinary  cases.  The  "  water-pnx- 
finish  "  shoald  be  required. 

VI.  Implemkhts,  &c. 

r  implements  and  articles  should  go  with  e-ac 

LIST. 


The  following  hst  of  mim 
gun: 

S]>onge  and  rammer. 
Wiping-rod  and  wiper. 
2  priming  wires. 
Lanyard. 
Combination  level. 


Gunner's  haversack. 
Cartridge  bags,  two  sizes. 
Friction  primers. 
Quick  match  for  2"  gun. 


VH.  SEEVICE  CHARGES  OF  POWDER  {ORDmjJBv). 
1.  Fob  S".S  ouf.  a.  For  v  qds. 


Weight  of  poitder. 


Hnubsr  of  Uns. 


Waljcht  of  p««4«t 


Sudf 


3.  For  drills,  3  ounces  should  be  used. 


:,r  zed  by  Google 
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CHAPTER     III. 
I.  INSTRUCTIONS. 

Keep  the  bore  of  the  gnu  clean  at  all  times.  There  is  often  a  deposit 
left  after  firing,  near  tiie  seat  of  the  charge,  which  prevents  the  projectile 
from  going  entirely  down  to  the  cartridge.  This  deposit  should  always 
be  removed. 

The  projectiles  should  be  kept  free  fiom  rust.  The  use  of  emery  cloth 
and  the  appUcation  of  a  Uttle  oil  will  protect  the  shot  from  rust. 

In  loitdmg,  always  measure  the  distance  from  the  charge  to  the  mnstzle 
with  the  ramrod  or  wiper  and  apply  it  to  tij©  shot ;  in  this  manner  the 
fimnner  can  always  t«ll  whether  the  projectile  is  fiilly  down  or  is  ob- 
Btmcted  by  dirt  or  sand. 

If  the  piece  be  fired  when  the  projectile  is  not  "home,"  it  strains  the 
gun  nnuecessarily. 

11.  DIRECTIONS  FOR  FIRING. 

Ha\ing  the  gtin  and  apparatns  on  the  ground,  to  prepare  for  firing : 
1.  Select  a  place  where  the  gim  and  carriage  may  recoil  without  strik- 
ing rocks  or  other  obstructions. 

±  Note  the  i»osition  of  the  vessel  to  be  relieved,  her  distance  from  the 
shore,  the  directioa  and  approximate  force  of  the  wind. 

3.  Place  the  gnu  in  position,  making  allowance  for  the  force  of  the 
wind  and  for  the  drift  of  the  line. 

4.  Place  the  faking-bos  and  line  on  the  windward  side  of  the  gun,  and 
two  or  three  feet  from  it,  not  more.  The  box  should  be  on  a  line  with 
the  mnzzle  of  the  gun.  Loosen  the  hasps,  invert  the  box,  and  incline  it 
to  the  front  at  an  angle  of  about  4o°. 

o.  See  that  the  vent  is  clear  by  inserting  the  priming-wire. 

a.  Wipe  off  the  shot  with  care,  freeing  it  from  dirt  and  sand. 

7.  Remove  the  f^me  and  faking-pins,  pressing  at  the  same  time  gently 
upon  the  "  false  "  bottom  to  keep  the  fakes  in  place.  Then  remove  the 
"  fidae  "  bottom  by  lifting  it  slowly  until  clear  of  the  box. 

%.  Seize  the  end  of  the  line,  drawing  out  just  enough  to  reach  to  the 
gnu  without  disturbing  the  fakes  in  the  box,  pass  the  end  through  the 
eye-hole  in  the  shank  and  tie  two  or  three  half  hitches  in  it,  drawiug 
the  knot  down  close  to  the  eye ;  then  wet  about  three  or  four  feet  of  the 
line. 

[The  wetting  is  a  precaution  that  was  not  taken  in  the  experimental 
flnug,  it  not  being  fouud  necessary.  It  is  better,  however,  to  err  on 
the  safe  side.] 

9.  Remove  the  tompion  or  muzzle  cover  from  the  piece. 

10.  Insert  the  cartridge. 

U.  Insert  Hie  proj«!tile  slowly  nntil  it  rests  upon  the  cartridge. 

12,  I'rick  the  cartridge  with  the  priming  wire  to  avoid  disturbing  the 
elevation  after  being  given. 

13.  Set  the  "combination  level"  to  the  desired  angle, 

l-l.  Place  the  lower  arm  of  the  level  lengthwise  npon  the  chase. 

15.  Elevate  the  muzzle  until  the  bubble  of  the  level  stands  at  the 
middle  of  the  tube. 

16.  Adjust  the  quoin. 

17.  Unroll  the  lanyard  and  insert  the  hook  in  the  wire  loop  of  the 
friction  primer. 

14  OBD  ^--  I 

,    lilzedbyLiOO^IC 
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18,  Insert  the  primer  gently  in  tlie  vent, 

ly.  Stand  clear  of  the  line. 

20.  Fire  the  piece. 

Note.  If  any  of  the  fekea  should  glide  from  the  box  to  the  ground. 
plac«  the  loose  line  in  small  Cakes  not  more  than  18  inches  long  in  frout 
of  til©  box.  The  necessity  for  this  oiieration  should  be  avoided  if  pos- 
sible. 

in.  MANNER  OF  FAKING. 

F^kiug  is  an  operation  which  requires  some  care.  Any  person  may 
learu  to  do  it  in  a  kind  of  way,  but  it  requires  a  man  who  can  exercise 
a  little  common  sense  to  do  it  well.  Oarelessness  and  ignorance  are  the 
most  fruitful  causes  ofwant  of  success  in  lading  up  hues  by  this  method. 
Praetice  alone  can  make  a  successfid  "  faker."  One  man  may  fake  a 
line,  but,  having  to  attend  to  three  oiwrations  at  the  same  time,  does 
none  of  them  piDjiei-ly.  Two  men  may  put  up  a  line,  but,  as  before, 
there  being  more  o])eratious  than  men  they  often  fail.  Three  men  can 
fake  a  line  well.  For  convenience  of  reference,  I  will  number  tliese 
men  Xos.  1,  2,  and  .'J.  Tlieir  dnties  will  be  given  here  couse<;utively, 
but  it  must  be  understooil  tliat  they  are  iwrformed  simultaneously. 

Duties  of  No.  1. 

No.  1  is  the  "fiikei,"  and  is  responsible  for  the  condition  in  which  the 
liue  is  stowed  away.  He  takes  the  faking-box,  phmes  it  ou  the  ground 
with  the  side  or  to]>  up])ermost,  puts  the  frame  witli  the  pins  on  top  of 
it,  seizes  the  "hilse"  Ixtttom  aud  lowers  it  into  ]K)sition  over  the  pins, 
and  stands  at  the  side  facing  the  box.  lie  is  now  ready  to  begin  fak- 
ing. Tlie  cord  or  line  is  snpi>osed  to  be  ou  the  same  side  of  the  box  at^ 
the  "  fiiker,"  and  at  some  distance  in  i-ear  of  liim,  in  coils  or  ni>on  an 
iinprox'ised  reel. 

No.  2  stands  ou  the  opposite  side  of  the  Imx  from  No.  1  and  facing  him. 

No.  3  is  about  2  yards  beluud  No.  1,  aud  stands  i-eady  to  pay  out  the 
liue  from  the  reel  or  coil. 

No.  1  seizes  the  end  of  the  line,  with  his  right  hand  draws  it  forward 
letting  it  i>as8  close  to  his  right  side,  lays  the  end  along  the  "felse" 
bottom  with  the  end  to  his  right.  [It  was  formerly  the  custom  to 
coil  several  yanls  of  line  loosely  upon  the  "false"  bottom  before  begin- 
ning to  fake ;  this  shoidd  not  he  done ;  no  more  luie  slioidd  be  put  on 
the  bottom  than  just  sufficient  to  reach  the  length  of  the  box,  as  that 
length  will  generally  he  sufficient  to  resuih  from  the  box  to  the  gim  in 
loading,  thus  avoiding  long  fakes  on  the  ground  and  the  disturbance  of 
the  fakes  in  tlie  box.]  He  then  leads  the  Une  betwet^n  the  comer  anil 
second  pins  at  the  left-hand  comer  of  the  fnime,  on  the  side  of  No.  2, 
brings  it  around  the  comer  pin  aud  between  tlie  second  and  third  pins 
iu  the  end  row,  tlieuce  diagonally  across  the  comer  and  aronnd  the  sec- 
ond pin  of  tlie  side  row  irom  left  to  right  (No.  2  holds  down  this  looj)), 
thence  back  and  aromid  third  pin  of  the  end  row  (holding  down  this 
loop  with  the  thamh  and  finger  of  his  left  hand) ;  tliis  forms  the  first 
fake  in  the  first  tier.  Bei>cating  this  oi)eration  he  forms  a  tier  of  diagonal 
fakes  and  brings  up  at  the  right -Irnud  comer  on  his  own  side  of  the  box, 
and  passing  the  line  around  Uie  second  and  comer  pins  of  the  end  row 
(on  the  right)  between  the  comer  and  second  i>ius  on  the  side  row  next 
to  him,  he  carries  the  line  along  the  length  of  the  box,  aud  out  between 
the  corner  and  sectmd  pins  in  tlie  left-hand  end  row,  and  aronnd  tlie 
comer  and  second  pin  in  the  row  on  the  side  towards  him,  thence  across 
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the  comer  aad  around  the  second  pin  in  the  end  row,  tben  back  aronnd 
tlie  tUird  pin  ia  tlie  side  row,  fonning  the  first  fake  of  the  second  tier. 

The  second  tier  will  end  at  the  right-hand  comer  on  the  siile  opposite 
the  &ker,  when  the  hue  ia  carried  in  a  similar  maimer  along  the  frame 
on  the  side  of  So.  2  to  the  Ief^haud  corner  on  that  side,  where  the  third 
tier  begins. 

Thus,  it  will  be  seen  that  the  odd  numbers  of  tiers  bejrin  at  the  left- 
hand  comer  on  the  aide  opposite  to  the  faker,  while  the  seconil,  fourth, 
sixth,  &c,  or  even  nnmbers  of  tiers  begin  always  at  the  left-hand  comer  on 
the  side  upon  which  the  faker  stands. 

Nu.  1  coQtinues  this  operation  of  faking  with  his  right  hand  and  hold- 
ing down  the  loops  nearest  to  him  with  his  left  until  the  pins  are  filled, 
then  if  any  line  be  left  unfaked  he  coils  it  loosely  on  top  of  the  tiers  and 
passes  the  end  down  on  one  side  to  the  notch  in  the  "false"  bottom. 

XoR.  1  and  2  take  hold  of  the  frame,  one  at  eiush  end,  lift  it  oft'  the  box 
and  place  it  on  the  proiind. 

X».  3  seizes  the  l>ox  and  inverts  it  over  the  fiiking-pins  and  line,  with  the 
notchnl  side  over  the  loose  enil  of  line,  wMch  is  allowed  to  extend  ont 
fuF  about  a  foot.  No.  1  holds  tins  end  in  the  notch  of  the  "false"  bot- 
tom imtil  the  box  is  a<I,juHte4l  in  position,  when  Xos.  2  and  .1  close  and 
fasten  tlie  hasps.    The  Iwx  and  line  are  now  reatly  for  ti'ansportation. 

I)utie«  of  Xo.  2. 

Xo.  2  takes  his  place  opposite  to  So.  1,  the  box  with  the  fakiug-pins 
Wing  between  them.  His  duty  is  to  press  down  and  hold  the  loops  in 
|il!i<re  on  his  side  of  the  frame  as  fast  as  No.  1  passes  them  over  the  i)ins; 
alien  the  faking  is  c<nnplete<l  he  assists  Xo.  1  in  moving  the  frame  and 
line  (mm  the  box  to  the  ground,  and  fiisteus  the  hasp  at  one  end  of  the 
box. 

Dutlis  of  Xo.  3. 

The  x>osition  of  No.  3  is  al>out  G  feet  or  less  in  rear  of  Xo.  1.  lie  pulls 
the  line  irom  the  reel  (which  may  be  mounted  u))on  a  tenii)orar>'  stand 
or  frame)  or  coil,  disentangles  itj^nioves  all  knots  or  kinks,  and  pays  it 
ont  to  So.  1,  who  fakes  it  up.  Tlte  esise  and  rapidity  with  which  So.  1 
fakes  will  dei>end  greatly  ii\ton  the  manner  in  which  So.  3  pays  ont  the 
hne.  If  he  does  not  give  enough  slack.  So.  1  will  draw  the  lakes  too 
tightly  around  tlie  pins,  bending  and  drawing  them  together  at  the  top, 
hringiug  luinecessary  strain  uiK>n  the  frame,  and  in  exceptional  cases 
hendiug  the  fi^me  so  much  that  the  hasps  cannot  be  faHtene<l.  The  same 
effect  will  be  prmluced  if  So.  3  i>emuts  too  much  slack,  as  then  the  ex- 
tra weight  and  effort  causes  So.  1  to  wind  too  tightly.  No.  3  must  oliey 
tlie  directious  of  So.  1  in  paying  out  line,  and  accommodate  himself  to 
the  rapidity  of  aetiou  of  the  faker.  Strict  attention  and  frequent  prac- 
tif-e  are  nece-s-sary  to  acquire  any  degree  of  skill  in  this  manipulation. 
No.  1  has  the  te^lioua  aiid  tiresome  part  to  perform  in  this  oi)eration. 
He  must  be  especially  careful  not  to  draw  the  loops  too  tightly  around 
the  plus;  this  he  uncnnsciously  will  be  sure  to  do  without  the  exercise 
of  itreat  caution.  He  should  instnict  So.  3  in  regard  to  the  rapidity  of 
]Nis.sing  the  hne.  When  faking,  he  should  always  leave  the  fakes  as 
loose  ujMu  the  pins  as  he  thinks  is  necessary,  and  then  leave  them  a 
little  looser. 

It  is  almost  impossible  for  one  man  to  fake  a  line  without  drawing  it 
too  tight.  Iwsides  which  it  is  a  long  and  toilsome  process.  Two  men 
laii  do  it  but  little  better,  since  So.  2  can  i-cuder  So.  1  no  assistam^o  in 
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draviiif;  the  line  from  the  re«l  or  coil.  Three  men  should  always  Iw 
employed  when  possible.  Practiw,  and  a  great  deal  of  it,  aloiM!  can 
make  a»  exi»ert  faker. 

Inlelligent  instruction  by  illiifitration  shonld  be  Riven  to  new  men 
nntit  they  thoroughly  anderstand  the  method,  for  faolty  cnstomg  auil 
halntH  when  formwl  are  not  easily  correeted. 

Fi-eijnent  drills  in  faking  shonld  be  maintained  by  the  keepers  of  sta- 
tions, during  whicli  all  the  snrfmen  should  be  taught,  not  ouly  hov  t<i 
fake,  bnt  how  to  do  it  well  and  rapidly. 

An  ordinary  faker  with  two  good  assistants  can  put  op  600  yards  of 
So.  7  line  in  from  25  to  28  minutes.  A  clumsy  man  will  generally  Ih- 
from  40  to  -50  minutes  putting  up  the  same  line. 

It  must  be  remarked,  however,  that  the  more  rapid  the  faking  tlir 
greater  the  danger  of  getting  it  too  tight  njwn  the  pins. 

rV.  CONCLUSIOJT. 

In  the  use  of  this,  as  of  all  other  apparatus,  a  certain  degree  nf  cun 
and  comnum  sense  must  be  constantly  escrciswl  by  those  who  have  it 
in  charge.  Tlie  l)est  and  most  perfect  api>aratu8  in  the  world  wiU  proTf 
a  miserable  &ilure  in  the  bands  of  ignorance  and  carelessness.  Th' 
necessity  for  thorough  instruction  and  fireqnent  practice  is  nowhere  sit 
urgently  called  for  as  in  the  Ottiug  of  men  to  hamlle  efficiently  tbr 
appliances  for  saving  huni^n  lite. 
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PART  n. 

CHAPTER  I. 

BROSZE  LIFE-SAVING  GUNS. 

The  tenti  "life-saving  gnns"  is  here  used  to  (lesigDate  such  ordnance  as 
loay  be  employed  to  ettect  commanication  between  Btnuided  vesHels  and 
tlie  sliore,  by  throwing  a  projectile  carrying  a  line  from  the  shore  over 
a  vessel,  or  from  a  vessel  to  the  shore. 

The  guns  and  mortar  treated  of  in  this  chapter  are  given  in  the  chrono- 
Utgival  onler  of  their  preparation  for  experimental  firing. 

Section  I.    RIFLED  MORTARS. 

3-INCH  MUZZLE-LOADING  EIFLED  MORTAR. 

(Phjte  I.) 

DESCRIPTION. 

This  piece  is  made  from  an  old  bronze  gun  which  waa  found  among  a 
lot  of  captured  ordnance.  The  gun  is  of  an  obsolete  pattern  and  its 
hlHtorj-  is  unknown.  It  was  prepared  under  the  direction  of  "The  Ord- 
nance Boanl,"  Uinteil  States  Anny,  for  making  exxterimentfl  in  connec- 
tion with  the  United  States  Life-Sa\-uig  Service. 

The  muzzle  was  cut  off  5".4  from  the  trunnions,  and  a  muzzle-band 
or  cylindrical  (exterior)  ring  5"  in  length  screwed  on  as  shown  in  the 
plate  (Plate  I,  Fig.  1). 

The  rifling  consists  of  3  grooves,  0".75  wide  and  0".l  deep.  The 
grooves  begin  1".25  in  front  of  the  chamber  and  reach  their  full  depth 
at  2"  from  the  same  plane. 

The  ramp,  joining  the  surfaces  of  the  bore  and  the  bottom  of  the 
grooves,  is  0".75  in  length. 

The  grooves  are  rectangiilar  in  section,  with  the  comers  slightly 
rounded.  The  exterior  tapers  slightly  from  the  base  ring  to  the  trun- 
nions. The  old  vent  had  been  tilled  up  and  a  new  one  with  a  copper 
iMQcbe  inserted. 

The  axis  of  the  tninuions  is  below  that  of  the  piece.  The  chamber  is 
cylind  ro-  spherical. 

DimensionB. 

ToiallfinBth SS-SS  turhra. 

Tuul  lcii)|lh  of  bore,  incladliig  cluunber S0.2r>  inches. 

IHMnehaof  l«we  ring 6.2   inrlics. 

l)iim«t«r  ill  rear  of  tmntiious 5.1    inctieH. 

IMameter  at  yent 5,7    inchi's. 

Diimeter  lu  front  of  chamber 5.65  inchps. 

I'iameter  at  miizile 5.35  incbes. 

INameter  of  Imre 3.0   inches. 

Diameter  of  cbambvr 2.5   incbPH. 

Tiital  lenutji  of  diamlx-T S.Tfi  inchm, 

Lvugtbuf  r.vlinilriculiiart  of  cliauiticr 1,50  iiirlit's. 
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RadiiiH  of  bottflm  of  chamber 1.S5  inrliM. 

Lcugtliof  triinnioiis 1.9    incheH. 

Diuuietrr  of  tniimioiia . S.0   inclico. 

ThickDcsa  of  iiielal  at  vent 1.6   inclieH. 

Thii-kiietin  of  mutal  in  front  of  chamber  . . . I3St  inches. 

ThickncBB  of  metal  at  mnzsle l.I    iiitho. 

DLxtniitc  of  vent  from  bottom  of  cliamber .  1.5    inchi'H. 

NmiiluT  of  )pxH>voa 3. 

De^itli  of  (irooTcs 0.1    iurli. 

Width  of  (trooves 0.75  iiich. 

Twi«t,  1  turn  in  10  feet. 

Vpnt  liioee,  diameter  of  wrew ,. 0.75  incli. 

Vent  pii-ie,  diameter  of  head 0.«i  inch. 

Vent,  diameter  of O.'i    inch. 

WeiffJlta,  dv. 

WeiKbt  of  rifled  mortar  (eonverted) 133      ]>nnnilH. 

FrciKinderancu 43.25  ixinudx. 

Section  II.    SMOOTH-BORE  GUNS. 

Bronze  wa«  selected  as  the  metal  from  which  to  cast  the  c\i>eniueutiil 
guns. 

The  necessary  calculntiond  and  drawings  were  maile,  and  copies  of  the 
latter,  iiiion  tnicing-liiieii,  were  plat^vd  in  the  hands  ul'tlie  South  Ilotitun 
Irou  Coniiiauy,  who  ha^l  nudertakvii  the  fabrication  of  the  giiiis. 

I.  BKOSZE  GUN  A. 

Ciiliber,  3  inclu's=7,G2  centimeters  (converted). 

{Plate  II.) 

Ill  the  phtte  this  (pm  is  represente<l  with  the  diameter  of  the  bore  2.5 
inches.  Later,  the  bore  was  enlarged  to  a  diameter  of  3  incbes,  as  will 
be  seen  hereafter,  though  the  total  length  of  the  bore  remained  unaltei-e^l. 

Til©  exterior  of  this  giin  is  divided  into  four  principal  jiarts,  viz,  the 
breech,  the^>«(  reinforce,  the  second  reinforce,  and  the  chase. 

The  breech  is  a  hemisphere  whose  radius  is  equal  to  tlie  semi-diameter 
of  the  first  reinforce. 

The  first  reinforce  is  cylindrical,  and  extends  from  the  base  of  the 
breech  to  a  point  in  front  of  tlie  axis  of  the  trunnions. 

The  second  reinforce  is  a  short  fniwtum  of  a  cone,  joining  the  first  re- 
inforce to  the  chase.  The  latter  is  cylindrical,  and  is  of  a  lesser  diameter 
than  the  first  reinforce. 

Tlie  chase  is  terminated  in  front  by  the  face  of  the  piece  without  any 
swell  of  the  muzzle  or  uuizKle-band.  The  cascabel  and  tniimions  ai^ 
aliort  cylinders. 

Tlie  rim  bases  luiite  with  the  exterior  surface  of  the  gun  by  tangent- 
cur\-ed  surfaces. 

The  vent-piece  is  of  copper,  Tlie  vent  is  i>er]»endicnlar  to  the  axis  of 
the  piMX!,  and  is  1.5  inchett  (3.81  centimeters)  from  the  bottom  of  tlio 
bore. 

Tlie  bore  is  cylindrical  and  is  terminated  at  its  lower  extremity  by  a 
hemispherical  chamber,  liy  which  term  it  is  jiroiMised  to  designate  the 
bottom  of  the  Iwre.  The  gun  was  designed  for  a  caliber  of  2.5  inches 
(G„'{."»  centimeters). 

Wlu'ii  fii'st  completed,  however,  it  was  liored  out  to  a  caliber  of  only 
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2  iDch«8  (5.0S  centimeters),  in  order  to  make  some  preliminary  experi- 
meats  witli  projectiles  of  tliat  diameter.  It  waa  afterwards  bored  up  to 
i-aliber  of  2.5  inches,  and  a  series  of  experiments  made.  Still  later  tbe 
me  of  the  hore  was  iiicrease<l  to  3  inches,  and  half  an  inch  was  taken 
from  the  lenptJi  if  eacli  tniniiion. 
The  tbilowiiig  table  gives  the  respective  weights  of  this  gun  after  tbe 
ive  oiieratious : 

Jt'righti  ofbrome  gun  A, 


C.l™lal*d 
w»i)[kt. 

1«.S 

J^H.ndt. 

121  «7+ 

The  tlieoretical  weight  was  calciUated  upon  the  assumption  that  the 
s|i«-ilic  graritj-  of  the  alloy  was  8.7. 

PREPOXDERANCB. 

With  2"  caliber,  alwut 6     ozs.  {"muzzle  preponderance.") 

With  2".5  caliber 2.5  lbs. 

With  3".0  caliber 0.5  lbs. 

1.  Character  of  the  bronze. 

Tlie  alloy,  as  shown  by  tbe  fracture,  api>eared  to  be  veiy  liomogeneous. 
The  a<'tion  of  the  metal  in  the  turning-lathe  indicated  great  toughness. 
The  Kurfaces  of  tbe  speciinena  tested  presented  after  fractui-e  that  pecu- 
liar blistered  appearance  and  change  of  form  which  is  usually  exhibited 
by  (rood  bronze  when  subjected  to  great  tensile  strain. 

This  pun  was  cast  muzzle  downwards,  and,  consequently,  the  "  riser" 
or  sinking-head  was  in  rear  of  the  cascabel.  The  siiecimeus  for  testing 
were  taken  from  that  portion  of  the  "riser"  which  was  nearest  to  the 
liieech  of  the  gun.    Tliey  were  four  in  number. 

Three  of  the  S]>eciniens  were  cut  from  tbe  exterior  of  the  "  riser  "  equi- 
distant from  each  other,  measured  circumferentially ;  the  fourth  waa  an 
aiial  si>ecimen  from  the  same  mass  of  metal.     (See  Plate  III,  Fig.  1.) 

The  axes  of  all  tbe  specimens  were  parallel  to  the  axis  of  the  ^;un. 

Screw-threads  were  cut  niwn  tbe  beads  to  fit  tbein  to  the  holders  of 
the  teKthig-mat-hine. 

Ui»oM  both  ends  of  the  pieces  were  marked  tbe  letter  A  to  desig- 
nate the  gun,  the  letter  H  to  indicate  the  sinking-bead  from  whence  tbey 
were  taken,  and  the  numbeis  of  the  specimens. 

Dimensions  of  specimens. 

T"tal  iMijjth - (i.4  inches. 

Un^hoffilinuiaiTH 0.2  inch. 

ttuKth  Vtwerii  shoDlili'n 4.0  inches. 

UnKth  of  heads , 1.0  inch. 

IliamctM- 0.798  inch. 

Ai*a  nf  cnxM-wi'tinn 0.5  inch. 

IHamctcr  of  liPtkU  Ix-forc  cnttiii(t  t.lironil 1.4  inches, 

Wraiftcrof  hpailBaft-iTcnttiug  thread l.'JS  iuclies. 

(See  Plate  III,  Figs.  1,  2,  and  3. 

These  carefiilly  turned  and  finished  samples  of  bronze  were  placed  in 
the  hands  of  Mr.'  C.  B.  Richards,  engineer  of  the  Colt's  Patent  Fire- Aims 
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Manu&cturing  Company  of  Hartfonl,  Conn^tn  be  tested  npon  the  test- 
ing machine  constructed  by  that  comjiany.  This  machine  owes  its  present 
accuracy  and  general  excellence  to  the  scientific  abiUty  of  Mr.  Bichards, 
under  whose  8uj>ervi8ion  it  was  constructed.  In  this  place  a  mere  ab- 
stract of  the  results  of  the  tests  will  l>e  given ;  for  further  detafled  infor- 
mation in  regard  to  the  tests  and  the  machine  refereuc«  must  be  made 
to  the  report  of  Mr.  Kichards,  which  will  be  found  apon  subsequent 
pages. 

Talt  of  metal  in  brome  gnn  A, 


B13. 

«>. 

S14. 

BIB 

Origln.lmHkoDtheendDfth«Bp«iia«i 

A.H.1. 

A.H.  I. 

A.H.  S. 

A.  H.  4. 

0.789 
IIW. 

liOOO. 

MTsa. 
41  .s 

HAM 
0.J83 
3.4* 

«ooo! 

G«.t«il  ob»rved  itrm  MuMlned  wlthoot  M( 

OAK 
3.4» 

3SO0. 

latw 

13.3 

V  giv™  in  lack. 


«  in  poundit.    No.  9 


vu  the  ulal 

"  The  stresses  were  applied  gradually  in  all  cases." 

"  Ob8er\'ation8  to  ascertain  when  a  i>ennauent  set  was  produced  were 
made  after  the  addition  of  each  500  pounds  stress  up  to  the  elastic 
limit." 

"  The  extensions  pnxluceil  by  increasing  the  stress  trxan  1,000  ponuds 
to  3,000  [wunds  were  as  follows: 


m. 

913! 

.14.  1  »15. 

1 

Eitwislnn. 

i!:. 

1!: 

ssl    10 

Moduli  uf  .iMtieity 

Ifl.B      14." 

2.  Mabks. 
The  only  external  mark  upon  the  gun  is  the  letter  A  on  top  of  the  gun 
between  the  truuuious. 

3.  NOMENCLATUEE. 
A — Bri'ech.  F — Hore. 

B— FirHt  rcliifiin-e.  t)— TniiinionB. 

C — Scrunil  ruiuforte.  H — Casraltel. 

1) — CliiiHi;.  I — !Riniha«e<. 

E — Cliaiulter.  V — Vent. 

4.  XOTATIOX  AND  DIMENSIONS. 

D^diainctrr  of  firat  reiiiforco =  6.0    iuches. 

di^dioiuetcr  vf  chose =  4.5    iurliea 

'^f=:<llaiucterof  lK>ro =  2.5    incbea 

ffi^iIiaiiwUTnf  truiininiis =  S.5    inctiut 

^i^^iltaiuutcr  ufcaHcalwI ^=  2.0    iocbea 

d«  =  ilianict(>rof  riuiliatwH,  aHKiimcd  to  br  ryliiictfrH =?  3.5    iuohra 

K  =  ra<liii»of  lirpifli , =  3,0    inrbea 

r  =:nKliiiHof  riiaiutier =  1.25  inches 

ri  =  rn<llii«..fHiiisi- =  2.25  iiichea 

fisEkiilltbof  tirst  rfinfomi =  7.25  iiicboi 

f,  =  |iTii}itliof  lU'runit  rpinfnri^ =  8.0    iuctaes. 
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'i=ln\)Ctbof  cluwe =  8.75  inches. 

I,  =  lfn^h  of  bore  excltuive  of  chamber =:16.75  inchea. 

'.=IruKth  of  traonioiiB =  2.5    inclieA. 

V  =  1fngth  of  c&Bcabel ^  1.5    inches. 

'-=lni^h  of  ritnbtiMe =t  0.1    inch. 

1-:.  Tt,  c^&c.,=rToliuiiH8of  bi«ecb,llratreinfoTce,  Hecoudreiiiforcu,  &«.,  in  cubic  inches. 
':i.rtt')i  ^c.^'dietanuMof  c«Dtcni  of  gntvity  of  breech.  Drat  reuiforee,  second  leiu- 
fiiire,  6u:.,  from  phine  of  refenjnce. 

5.  Calculations. 
a.  Yolumea. 

A.  Breech — heiuinpherical: 

Vylume=4  IP  X  .5236  =  J  x  316.  X  .6336  =  f ,  =  56.6485  +  cubic  inches. 

B.  First  reinforce— cylindrical : 

Volume  =  D*  X  .7864  x  ii  =  36  x  .7854  x  7.25  =  t^  =  204.9886 cubic  inches. 

C.  Second  reinforce — frustum  of  a  cone: 

13^  cutHC  inches. 

D.  Chase— cvlindrical: 

\'<>hime  =  (2i*  X  .7854  XU  =  20.25  x  ,7854  x  8".75  =»«  =  139.1627  cubic 
inches. 

E.  Chamber — ^hemispherical: 

Volume  =  1  d,'  X  .5236  =  J .  15.625  x  .5236  =  —  r,  =  4.0906  cubic  inches. 

F.  Bore — cylinilrical: 

Volume  =  (^»  X  .7854  x  /«  =  6.25  x  .7854  x  16.75  =  —  r,  =  82.2213  cubic 
inches. 

G.  Trunnions  (2) — cylindrical: 

Volume  =  2  d,'  X  .7854  x  t  =  2  X  6.25  x  .7854  x  2".  5  =  c,  =  24.5436  cubic 
inches. 

H.  Caacabel — cylindrical: 
Volume  =  d^  x  .7854  x  Ig  =  4  x  .7864  x  1.5  =  rg  =  4.71  cubic  inches. 

I.  Bimbaaes  (3) — cyliudrical  (assumed  to  be) : 
Volnme  =  2ds»  x  .7854  x  f,  =  2  x  12Ji5  X  .7854  X  0".l  =  p»  =  1.9342  cubic 
iuches. 

Weight. 

Cnbic  Inrhn.  Cubic  Inohea. 

r,=         56.5486  -1-^=  -     4.0906 

r,=       204.9886  —  r»=  -  82J>213 

T,=         43.5900  (-)8«.3119 

r,=       139.1037 

+  444.2899  =  volume  of  gnn  le^s  trunnione,  rimbases,  and 

cascabel. 
{—)  86.3119  =  volume  of  chamber  aud  bore. 

+  367.0780  =  volume  of  metal  less  trunnions,  rimbases,  and 
cascabel. 
ri^         24.6436  =  vol  lune  of  metal  in  trunnions. 
Tf  =  4.7100  =  volume  of  metal  in  cascabel. 

Tf  ^  1.9242  =  volume  of  metal  in  rimbases. 

V  =  -(f)  =       389.1558  =  total  volume  of  metal  in  gnn. 

,     ilzedbyGoO^IC 
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w  =  0.  3147  pounds  avoirdnpois  =  \reight  of  oiie  cubic  iuch  of  bronze 

whose  specific  gravity  is  8.7. 
Hence  W=  V  xw  =  3811. 1558  x  .3147  pound  =  122.467  +  pounds  =  weight 
of  gun. 

6.  Center  of  gravity. 
Assuming  tlie  plane  YZ,  tlie  plane  of  reference,  to  coincide  witi  the 
base  of  the  breecli,  and  tlie  axis  of  X  to  coincide  with  the  axis  of  the 
bore,  then,  since  tlie  vnluuie  is  symmetrically  diBiK>8ed  in  regard  to  this 
axis,  the  center  of  gravity  of  the  gun  will  be  given  by  the  formula — 
X  =  ^1  ^1  +*'iJa+  r3J3  +  &C. 
n  +  p,  +  «3  +  &«. 
in  which 
X  =  the  distance  of  the  center  of  gravity  of  the  gun  from  the  plane  of 

reference,  and 
Vi,  fj,  &c.  =  the  elementary  volumes; 

xi,  jj,  &c.  =  the  distances  of  their  rcsi>ective  centers  of  gravity  £rom  the 
plane  of  reference- 
All  distances  estimated  towards  the  right  from  the  plane  TZ    are 
regardeil  as  positive;  all  estimated  towards  the  left  from  this  plane  are 
regarded  as  negative, 

The  volumes  of  all  ea^ities  (such  as  bore,  chamber,  &c.)  are  considered 
as  negative. 

The  volumes  of  the  trunnions  and  rimbases  are  omitted  in  this  com- 

putatiou,  since  they  are  symmetrically  disposed  about  a  line  passing 

through  the  center  of  graiity  of  the  gun,  and  i>erpendicular  to  the  axis 

of  the  gun. 

The  cascabel  is  also  omitted  on  account  of  its  small  size  Aid  weight. 

COMPUTATION. 

Values  of  *i,  jj,  Xa,  &c. 
For— 

A.  Breech — ^hemisiJierc; 

(-);r,  =  |B  =  a.3"  =  -l".125. 

B.  First  reinforce — cylitnler: 

*,  =  J  /,  =  J .  7".25  =  3".625. 

C.  Second  reinforce — ^frustum  of  cone: 

-  7"  OT  +  4  .>»/15.1S75  + 13.50+ i>^ 

-     T  5-  -    (^    y  ^  y  ..  _^  ^  ^^.    y 

=  7".25  +  0".  msi 
.:  Ty  =^  8".1554 

D.  Chase— cylinder: 

3-,  =  »".2.")  +  ih=  9"-25  +  4".37o  =  13".625. 

E.  Chamber — hemisphere: 

j's  =  1".25— J  r  =  l"Ji5— ."4687o  =  0".78125. 

F.  Bore — cylinder: 

iT,  =  1".25  +  iU  =  1".25  +  8".375  =  9".G25. 
Substituting  the  values  of  rj,  Vi,  &c..,  and  Xi,  a^,  &c.,  in  eq.,  and  mul- 
tipljing,  we  have — 

_  (— fi3.fil  73.'it  +  743.0844  +  3.">.'».4001  +  18f)0.087ft  —  3.10577  —  791.38) 
5ti.54S5  +  204.a*iU  +  43.5y  +  13!).l(i27  — 4.0000  — 82.2213 
or 

X  =  5".968155,  say  x  =  5".07  =  distance  of  center  of  gravitj-  of  gun  irom 
the  plane  of  refei-ence. 
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6.  Fabrication  of  experimental  bbonze  gun  A. 

1.  Dratcing. — A  fuU  size  <.lra«ing  of  the  giin  was  first  made;  the 
ilimensinDs  in  iiicliea  and  decimal  parts  of  au  incli  were  marked  upon 
this  drawing.  An  a<x;nrate  copy  of  this  drawing  was  made  uiwn  tracing- 
lineu  and  sent  to  the  South  Boston  Iron  Company  to  guide  the  founder. 

2.  Draicitigfi>r  the  chUh. — ^The  manufa<;tiirem  prepared  a  full-size  tlraw- 
ing  of  a  set  of  iron  chills  in  which  the  gnn  was  to  be  cast.  The  dimen- 
sions of  the  chills  were  anch  as  to  allow  for  the  contraction  of  the  metal 
in  cooling,  for  finishing  the  gun,  and  for  the  sinking-head  or  "riser." 
Tlie  chills  are  made  in  two  parts  which  are  identical  In  form. 

3.  Pattern. — From  the  al>ove  drawing,  a  model  or  pattern  of  one-half 
of  the  chill  was  matle  of  white  i>ine,  due  allowance  being  made  for  the 
shrinkage  of  the  cast  iron  in  cooling.  Tlie  model  waa  completed  by 
smoothing  it  off  with  sand-pii|>er  and  varnlKhing. 

4.  Molding. — From  this  half-model  a  mold  of  one  of  the  half-chillB  was 
formed  in  wooden  fia^ks.  Tliis  wa«  done  by  ramming  molding-corn- 
position  compactly  around  the  mold.  This  composition  is  a  kind  of 
Randy  loam,  containing  just  enough  clay  to  make  it  cohesive  when 
slightly  moistened  and  pressed  together.  The  wooden  half-flasks  are 
kept  from  sticking  together  by  being  sprinkled  with  a  dry  white  sand, 
called  paiiing-mnd  by  molders.  The  mold  for  the  second  half-chill  was 
made  in  the  same  manner.  Tlie  molding  being  completeil,  the  haU-fiasks 
were  bolted  together,  aud  placed  in  an  oven  to  dry  thoroughly. 

5.  Casting  the  chUh. — "Wlien  perfectly  dry,  the  flasks  containing  the 
molds  were  removed  from  the  oven,  the  cast  iron  was  melted  and  run 
into  tliCDi.  After  cooling,  the  flasks  were  removed  and  the  chills  were 
prepared  to  receive  the  lu-onze  casting  tor  the  gun. 

6.  The  cAi7f«.— (Fig.  1,  plate  47.)  These  wci-e  of  cast  iron,  1".75  thick. 
The  total  length  was  13"  greater  than  the  extreme  length  of  the  gun. 
Of  this  snr])lusage,  one  inch  was  on  the  nniKzle  end,  aud  12"  at  the 
breech  for  a  sinking-head  or  "riser."  Tlie  cavity  at  the  breech  end 
.vas  cyhndrical,  6".5  in  diameter;  that  at  the  muzzle  was  a  fi^stuin  of 
a  coDc  whose  lesser  base  ha^l  a  diameter  of  .V.  The  feces  of  the  flanges 
where  the  half-cliills  came  together  were  planed  in  order  to  fit  closely. 
The  half-chills  were  bolted  together  and  the  bottom  closed  by  an  iron 
plate,  1".76  thick,  bolted  to  the  bottom  flange. 

7.  Heating  the  ehilU. — The  inwide  surfaces  of  the  chills  were  coated 
>rith  clay-wash  and  placed  in  an  oven  to  dry  and  become  heatetl  before 
imuring  the  melted  metal  for  the  gun,  in  onler  that  the  exterior  should 
not  cool  too  rapidly.  This  clay-wash  is  ma<le  by  mixing  three  parts  of 
gromid  flre-brick  with  one  jmrt  of  German  or  English  fire-clay,  and 
adding  a  sufficient  quantity  of  water.  When  nearly  ready  to  cast  the 
gim,  the  chill  wa*  removed  from  the  oven  and  taken  to  a  place  near  the 
fiirnaces  where  the  cnicibles  were  heating.  A  "clay  mold,"  6"  in  length, 
whose  interior  diameter  was  also  6",  was  added  to  the  height  of  the 
»<inking-hea<l  in  order  to  avoid  getting  cinders  in  the  metal  near  the 
hreeeh  of  the  gun.  Tlie  chills  were  so  made  that  the  gun  was  cast  muz- 
zle do«Tiwanls. 

8.  The  furnaces. — (Fig.  2,  plate  47.)  Tliesc  were  iron  cylinders  about  3' 
high,  and  2'  hi  diameti-r,  lined  with  fire-brick.  They  are  technically 
t--illed  "iMJbj."  A  high  chimney  furnished  the  draught.  The  gun  being 
a  small  one,  it  was  nnuecessary  to  use  a  reverberatory  furnace,  since 
three  crucibles  (Fig,  3,  plate  47)  would  hold  the  requisite  amount  of 
lurtal.  Tlie  cmcibhts  were  placed  in  the  "i>ot.s"  and  the  metals  for  the 
alloy  melted  without  difficulty.    The  fuel  uKcd  was  Lehigh  coal  with 
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broken  charcoal  put  over  the  metal  in  the.  crucibles.  The  condition  of 
the  furnaces  or  "pota"  was  8iich  that  only  two  of  those  in  the  new 
foimdery  could  be  used.  The  third  cniciblehad  to  be  heated  in  a  "pot" 
about  forty  yards  from  the  others.  The  iaolattid  "pot"  had  a  less  effi- 
cient chimney. 

9.  Charging  the  crucibles, — The  metals  used  were  Lake  Superior  cop- 
I>er  and  German  tin.  Both  of  these  metals  were  iu  the  form  of  ingots. 
Tlie  copi)er  ini^ots  weighed  from  12  to  13  pounds  each.  The  metals  were 
carefully  weighed  and  placed  in  the  crucibles  as  stated  in  the  table 
given  below.  The  tin  was  removed  when  the  crucibles  were  placed  in 
the  furnace  and  added  subsequently.  The  proiwrtions  of  the  two  metals 
used  were  as  follows : 

Copper 92  per  cent. 

Tin 8  per  cent. 

The  calculated  charge  was : 

Copier 333.96  lt«. 

Tin 29.04  lbs. 

Total 363.00  11™. 

Aclaal  ehtirgm. 


K,^ 

lnc™>«^ 

TotaL 

Nd.  1. 

No.  2. 

No.  8. 

m  00* 

Lbt.tu 

Ui.su. 
M    00 

P«mJt 

T  tal   h 

X3 

rgB 

1ft.  Time  of  meeting,  tfcc. — The  fires  were  lighted  under  all  the  crucibles  at 
II  a.  m.  The  copper  in  Son.  1  and  2  was  all  melteil  at  3.15  p.  m.,  while 
that  in  Ko.  3,  though  a  less  charge,  was  not  melted  on  account  of  a  de- 
fective draught  or  some  other  cause.  T)iia  necessitated  the  holding  back 
of  Non.  1  aiul  2.  The  charge  of  ffo.  3  was  finally  melted  at  4  p.  m. 
On  examination  it  was  found  that  the  metal  in  Ko.  2  was  not  quite  hot 
enough.  At  4.15  p,  m.  the  tin  was  added  to  the  melttKl  copper  iu  the 
cnicibles.  Tlie  iugots  of  tin  were  unmersed  in  the  melted  copi>er  and 
stirred  up  thorougldy  as  it  melted  to  prevent  oxidation. 

11.  CoBtiag, — When  ready  for  casting,  cmcihie  No.  3  was  lifter!  &om 
the  "  iTOt"  and  carried  through  the  open  air  to  the  room  where  Nos.  1 
and  2  were  situated.  The  i>ouring  ladles  were  (Fig.  4,  i)hite  47)  at 
hand,  filled  with  burning  charcoal  to  keep  them  hot.  When  all  was 
ready,  crucible  No.  3  was  emptied  into  labile  No.  1,  but  not  filling  it, 
crucible  No.  1  wba  hoisted  out  and  the  ladle  filled  from  it.  Ladle  No.  2 
was  then  filled  with  what  remained  in  crucible  No.  1  and  the  contents 
of  No.  2.  As  soon  as  both  liuUes  wei-e  ready,  their  contents  were,  in 
Hucce.ssion,  poured  dii'ectly  into  the  chills,  filling  the  cavity  to  the  top. 
The  gun  was  cast  at  4.4U  ]>.  m.  From  unskillful  manipulation  a  good 
many  cinders  and  a  gomi  deiil  of  scoria  founil  a  passage  into  the  chills. 
Tlie  casting  was  taken  from  the  chills  at  7  to  7.30  a.  m.  the  next  morn- 
ing, and  weighed,  in  a  rough  state,  3(i3  pounds  witli  the  riser.  The  above 
weight,  3(J3  poimds,  was  gi\'en  by  Mr.  Keed,  tlie  superintendent  in 
charge  of  the  foundery.  This  fir,st  casting  was  made  on  October  1, 
1877.    When  the  gun  came  to  Ive  turned,  it  was  (Uscovered  that  the 
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metal  or  atlu;  had  not  been  hot  enough  when  poured,  and  that  chnr- 
(oal  cindem  bad  entered  with  the  molten  metal  and  appeared  all  along 
the  chase  and  breech.  This  casting  was  rejected.  An  attempt  was 
now  made  to  prepare  a  runner-bos  or  receptacle  for  the  metal  whicli 
Hhunld  be  self-skinimiiig.  This  was  accomplished  by  placing  on  to]> 
of  the  sand  flask  a  ninner-box  }iaving  near  one  side  a  2"  hole  pierced 
through  the  bottom  to  allow  the  liqaid  mebil  to  pass,  and  on  the  other 
aide  a  cup  or  Iiowl  into  whii^h  this  metal  was  first  poured.  A  partition 
a  few  inches  in  height  separated  the  two  compartments. 

Second  casting. 

Mode  of  pouring. — The  ninner-l)ox  being  placed  in  ixwition  uiK>n  the 
flask,  the  melted  metal,  in  ladles,  was  then  i>onre<l,  at  first  slowly,  into 
the  cni>-shaped  receptacle  ontil  it  rose  to  the  top  of  tlie  partition  and  rau 
over  it.  The  partition  was  intended  to  arrest  the  scoria  iu  the  first 
instants  of  the  casting  until  enongh  metal  ran  over  to  fill  the  two-inch  bole 
and  rise  above  it  a  sufficient  distance  to  preclude  any  chance  of  tbe  scoria 
or  cinders  getting  through  the  bottom  orifice.  When  the  operation  had 
proceeded  thus  far,  all  tjiat  was  necessary  was  to  pour  fast  enongh  to 
keep  the  metal  Irom  falling  so  low  as  to  permit  the  residuum  to  pass 
before  the  flask  v^as  filled. 

Notwithstanding  these  precautions  enough  cinders  passed  into  the 
chills  and  lodged  in  the  truunicm  boles  ou  top  (in  rear  of)  of  the  trunnions 
to  reject  this  casting  also.  It  was  then  decideil  to  cut  away  0".375  of 
the  metal  in  the  chills  in  rear  of  tbe  trunnions  where  this  lodgment  had 
occurred.  This  would  allow  a  small  lodgment  of  cinders,  &c.,  without 
injuring  the  soundness  of  tbe  casting. 

A  third  and  successful  trial  was  then  made.  Below  are  given  the 
charges  and  dates  of  the  recastings,  aud  a  r4sum4  of  the  first  trial. 

First  coating. 

Date:  October  1,  1877. 

Charge:  Co|in*r 334 

Tia 29 

Totol 363 

Weight  of  rough  casting  363  pounds  (Reed). 

Second  coating. 

Date:  October  4,  1877. 

Charge:  First  casting,  weight  363  pounds. 
So  metal  used  except  the  pre\ious  casting. 

Third  casting. 

Date :  October  8, 1877. 

ronnda. 

Charge;  Mvtal  from  itecmid  casting ,,  319 

Copper,  ingot „     17 

Tiu,  ingot 2.9 

Total  charge 338.9 

WcijEht  of  rongh  pasling ^ 389 

Weight  of  finialied  gun  bureil  out  to  2  incheit  caliber . 137 
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Of  the  2.9  pounds  of  tin  addetl  to  the  charge  for  this  caathig,  1.4 
pounds  was  the  proiKtrtion  to  be  addetl  to  the  17  jwiinds  of  new  eopi>er, 
and  1.5  pounds  was  about  one-half  of  1  i>er  cent,  of  the  weiglit  of  metal 
used  ti-oni  second  casting.  This  v/im  abided  to  isni>i)ly  the  amount  of  tin 
assiuned  to  be  lost  by  oxidation  in  the  two  previous  eastings. 

In  the  third  trial  the  fire  was  lighte^l  at  1U.30  a.  ni.;  metal  all  melted 
at  2.30  p.  m. ;  tin  added  at  2»)0  p.  m. ;  gim  cast  at  3  p.  m. 

The  gun  was  turned,  bored,  and  fluislied  in  the  usual  manner. 

II.  BRONZE  GITS  B. 

Cahber:  2  inches  =  5,08  eentiuieters. 

(Plate  IV.) 

This  gun  is  of  the  same  general  form  as  gun  A,  but  is  much  smaller 
and  lighter.  It  also  was  made  by  the  South  Boston  Iron  Company. 
This  pie<'e  was  cast  in  chills,  muzzle  downward,  and  finished  in  a  similar 
manner  to  gim  A.  The  cast-iron  chill  was  4  inches  longer  than  the 
length  of  tiie  gtm  inclnding  the  caHcal>eI.  A  clay  mold  8  inches  in 
length  was  added  above  the  chill  to  increase  the  height  of  the  "i-iser," 
or  sinking-head. 

Details  o/  casting. 

Date :  Jainiarj- 11, 1878. 

L'liarge  of  melul IGO 

Liihp  Siipprior  pojiper,  92  jier  cunt U7.'2 

(ieniiuu  tiu,  8  per  cent 12.8 

Total 160.0 

F'ire  lifchtod  in  fnniBcc  at 8.30  a.  iii. 

Cnjil'i^''  i^liRTfceil 1).:)0  a.  ni. 

Copper  nicltetl 1.30  p.  m. 

Tin  added 2.00 p.m. 

Oiiu  caat 2.4ri  p.  m. 

.   Weiahts. 

FMin<tii. 

WcidlitiifroiiKli  (■osdiig l.W.OO 

Weight  of  "riwr" 40.25 

WeigUt  "f  gnu-tnstiii|; 115,75 

Weight  of  ffun. 

Si>eriflp  uravitv  of  nllov,  nwtinned ^.7        poniids, 

rWirrlicnl  wfiitlit  of  j-im 53.379+ 

Aitnal  weight  cif  j-iiii 51.2i 

Piviiondenmce 1,0 

1.  Specimens  fob  testisg. 

(Plate  Iir,  Figs.  2,  3,  and  4.) 

These  wei-e  four  in  numbi>r,  as  in  the  precexling  case,  and  were  takeu 
fh>m  the  "riser"  or  sinking-head,  Just  in  rear  of  the  cascabel.  Tliey 
were  of  the  same  size  and  form,  and  occupied  the  sjime  relative  ]»osition8 
in  the  casting  as  did  the  specimens  fnnu  gun  A.    The  heads  of  each  aiK-ci^ 
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iiifu  were  marked  with  the  letters  B  and  H,  together  with  ita  serial  num- 
ber ;  Xo.  4,  as  in  the  previous  instaDce,  beiug  the  noinber  of  the  axial 
s]iei'itiieii.  The  letter  B  was  cut  ou  the  top  of  the  gun,  between  the 
tninnions. 

Below  nill  be  found  a  tabulated  statement  of  the  results  obtained  by  the 
tf  sting-machine.  These  testa  were  made  by  Mr.  Kiehards,  engineer  of 
(he  Colt  Company.    For  further  details  see  his  appended  report. 

TaU  of  melal  fitnn  rinking-head  of  bronxt  jwn  B. 


B37. 

aas. 

030. 

B.  H.  1. 

B.  H.  Z. 

B.H.  3. 

B.H.* 

3.5a 
3L8 

0.3^ 

WW.       ' 
2IIIUU. 

29.  fl 

0.695 
ftSWh 

21920. 
131)00. 

0  798 

rh«n.<«  Of  miBimom  ™*«ction  1  ^°S^i- -; : : ; ; 

«T3 

»«8 

«,0i 

Id  3 

Dimensions  and  areas  are  given  in  inches,  stresses  in  pomuls,  and  re- 
M^tanees  in  i>ounds  i>er  square  inch  of  the  original  crosu-section  of  the 
■■l>«'imen. 

2.  SoilENCLATUEE. 
A— Breet'h.  F— Bore. 

B — Firsl  ri'infi>rre.  G — TmnninnB. 

C— Second  reinforce.  H — CfiHeabet. 

D— t'hane.  V— Vent. 

E — Chaui1>er. 


3.  NOTATIOS  AMD  DDIENSIONS. 

I'  =iliameterof  flrat  rehifopce ;. 

''.  =  iliameti-rof  cknfio 

<  =  iliaioetor  of  bore 

''i  =  iluituetfr  of  tniunioQH 

'',  =  <liameterof  cHHcaliKl 

K  =  railiae  of  l>recch 

r  =Taditu  of  cUambEr 

'.  —  rwline  of  chnso 

',  =  leuf^tb  of  fiiHt  ivinforco 

Ii  =  li'iigtb  of  aocond  rciufoice 

'j  ~lfnt(th  of  cboHe 

I,  =lenf^h  ofboiv,  exclusive  of  tbe  cbamber ^  17 

.',  =  lru«th  of  tninnions =    1. 

■.  =  leiii^h  of  coicabel ^    I 

'':-  ''i,  ''*>  A-c,  =  volnnieti  of  bieech,  finit  reiiifurro,  &.c.,  in  cubii:  indies. 

ti-  J"!.  J"!,  *«.,  =  ilistances  of  ceuteni  of  gnivif  y  of  bivech,  Hiiit  rtiuforce, 
I'latu^  of  refervnce. 

4.  Calculations. 


.75  iuchHN. 
.5   iiicbeo, 
.3    invb. 
iiicbes. 

.75  iucbcB. 

iurlieN. 

iitebcij. 
.5  iucbcN. 
.5   inches. 

&c,,  from 


o.  Voiumes. 


A.  Breech — hemispherical: 
'.>Uuiie  =  i  I>^  ^  .5236  =  ^  .64  > 


.5236  =  ri  =  16.7552  ctibic  inches. 
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B.  First  reinforce — cylindrical : 

Volame  =  D*  X  .7854  x  /i  =  16  x  ,7854  x  8  =  r,  =  100,5312  cubic  inches. 

C.  Second  reinforce — fhistmn  of  cone; 

Volame  «  H  x  • '854  X  Q^^'\  =  .3333  x  .7854  x  H^^^  =  '.= 
11,0599  + cubic  indies. 

D.  Cbane — cylindrical: 

Volume  =  d,*  x  ,7854  x  /,  =  12.25  x  .7854  X  9  =  r*  =  86.5903  +  cnbif 
inches. 
B.  Chamber — hemispherical: 
Vobune  =  i  d,»  X  ,5236  =  J  ,8  x  .  5236  =  —  fj  =  2.0944  cubic  inches. 

F.  Bore — cylindrical: 

Volmne  =  d,»  x  .7854  x  I,  =  4  x  .7854  x  17  =  —  r,  =  53.4072  ciibir 
inches. 

G.  Trunnions— cylindrical : 

Volume  =  2  X  <f,»  X  .7854  x  I,  =  2  x  3.0625  x  .7854  x  1.5  =  r,  =  7Jil58  + 
cubic  inches. 
H.  Cascabel — cylindrical : 
Volume  =  d,*  X  .7854  x  /,  =  2.25  x  .7854  x  1,5  =  ra  =  2.6507  cuWc  inches. 

Weight. 

Cahic  iDchH.  CnUc  Idi1i~ 

V,  =         16.7552  —  rs  =     —    2.09H 

T,  =:      100.5312  —  r,  =    —  53.40T::  \ 


1)3  =        11.0590 
r4  =        86.5903 


214.9366  =  volume  of  gnn  less  trunnions  and  cascabel. 
—  55.5016  =  volume  of  chamber  and  bore. 


159.4350  =  volume  of  metal  less  trunnions  and  cascabel. 
t-T  =         7.21.58 1=  volume  of  metal  in  trunnions. 
p,  =  2.6507  =  volume  of  metal  in  caecabeL 


V  =  2{e)  =      169.,W15  = -whole  volume  of  metal  in  gnn.  ! 

to  =  0.3147  pounds  aroixdupoiB  =  weight  of  one  cubic  inch  of  bronze,  i 

vhose  si»eciflc  pnixitv  is  8.7.  I 

Hence  W  =  V  x  w  =  169.3015  x  .3147  =  63.279  +  pounds  =  weight  «f 

gun. 

b.  Center  of  gravity. 

Assuming  the  plan©  TZ,  the  plane  of  reference,  to  coincide  with  tbe 
base  of  the  b^ce{^)l,  and  the  axis  of  X  to  coincide  with  tlie  axis  ot  the 
bore,  then,  since  the  volume  is  symmetrically  disposed  in  regard  to  thi.* 
axis,  the  center  of  gravity  of  the  gun  will  be  given  by  the  formala — 

J  _  ^1  g-i  +  *^t  J-*  +  f  J  3-3+  &c 
1-1  +  1^  +  fa  +  &c 
in  which 

X  =  the  distance  of  the  center  of  gravity  of  the  gun  from 
the  plane  of  reference,  and  1 

ri,  ri,  &c.  =  tlie  elementary  vohunes  f 

a",,  a-„  &c.  =  the  distances  of  their  respective  centers  of  gravity  fn>ai 
the  plane  of  reference. 

,  ,..ii,Goo'-^[c 
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All  distaocea  eHtiniated  toward  the  right  from  tbe  plane  YZ  are  re- 
garded aa  positive;  all  eatimated  toward  tlie  left  from  tliis  plane  are 
r^arded  as  negative. 

The  volames  of  all  cavities  (Buch  as  the  bore  and  chamber)  are  con- 
sidered as  negative. 

The  volumes  of  the  trunnions  are  omitted  in  this  calculation,  since 
tbey  are  symmetrically  disposed  about  a  line  passing  through  the  center 
of  gravity  of  the  gun,  and  perpendicular  to  the  axis  of  the  bore. 

Inie  cascabel  is  omitted  on  account  of  its  small  size.  Its  weight  is  in- 
signiflcant. 

COMPTTTATIOB. 

Valaea  of  s,,  x,,  x,,  ftc. 
For— 

A.  Breech — hemisphere: 

a;,  =  |E  =  |.2"  =  —  0".76. 

B.  Fiist  reinforce — cylinder : 

C.  Second  reinforce — ^firoBtom  of  cone : 

-  8"  +  *  1"  /9-1875+7.  +  4  ^ 
~       ^*       V4  +  3.5  +  3.0625^ 

.■.a!s  =  8".4778  + 

D.  Chase — cylinder: 

a!4  =  8"  +  1"  +  5 1,  =  8"  +  1"  +  5 . 9"  =  13".B. 

E.  Chamber — hemisphere: 

a:,  =  1"  -  }  r  =  1"  -  0".375  =  0".625. 
P.  Bore— cylinder : 

a^  =  1"  +  i  I«  =  1"  +  5 .  17"  =  1"  +  8".5  =  9".5. 


or, 

distance  of  center  of  gravity  from  the  plane  of  reference. 

m.    BRONZE  QTJTS  0. 

Caliber:  2.5  inches  =  6.35  centimeters. 

(Plate  V.) 

The  exterior  of  this  gun  is  divided  into  four  principal  parts,  viz,  the 
hneeh,  the  first  rdi^oree,  the  second  reinfm^ce,  and  the  eUase. 
16  OED 
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The  breech  is  a  hemisphere  whose  radius  is  equal  to  the  aemi-diameter 
of  the  first  reinforce. 

The  first  reinforce  is  eyliudrical,  and  extends  from  the  base  of  the 
breech  to  a  point  in  front  of  the  axis  of  tlie  trunnions. 

The  second  reinforce  is  a  short  finistiim  of  a  cone,  joining  the  first 
reinforce  to  the  chase.  The  latter  is  cylindrical,  and  is  of  a  lesser  diam- 
eter than  the  first  reinforce. 

The  chase  is  terminated  in  front  by  the.fit«  of  the  piece  without  any 
swell  of  the  muzzle  or  muzzle-band.  The  cascabel  and  trunnions  are 
short  cylinders. 

The  rimbases  unite  with  the  exterior  sniface  of  the  gun  by  tangent- 
cur\'ed  surfaces. 

The  vent  piece  is  of  copper.  The  vent  is  perpendicnlar  to  the  axis  of 
tlie  bore,  and  is  1.25  inches  (=  3.175  centimeters)  from  the  bottom  of  the 
bore. 

The  bore  is  cylindrical,  oaA  is  terminated  at  its  lower  extremity  by  a 
hemispherical  chamber,  by  which  term  it  is  proposed  to  designate  the 
bottom  of  the  bore. 

1.  Details  of  oastino. 

This  gun  was  cast  in  the  chill  made  for  casting  gun  A. 

Three  castings  were  made  before  a  satisfactory  gun  ingot  was  obtained. 

I%r«t  casting. 

Date :  March  23,  1878. 

Charge  of  metal 350 

Lake  Superior  copper  90  per  cent - 315 

Oermau  tin  10  per  cent 35 

Total 350 

Fire  ligbted  in  fiirnBce  at 6.  30  b.  m. 

Copper  chargeil 7.00  b.  m. 

Copper  melted ,, 9.  3Db.  m. 

Tin  added 9.55  a.  ni. 

Gun  cant 10.  40  b.  in. 

Amount  of  coal  used 350  poundx. 

Three  crucibles  were  used  in  melting  the  charge:  two  "No.  60"  cruci- 
bles, containing  99  pounds  of  copper  and  1 1  pounds  of  tin,  each ;  and  one 
"No.  70,"  containing  117  pounds  of  copper  and  13  pounds  of  tin. 

Weights. 

Weight  ofrongh  ingot S47 

Weight  of  "raor" 117 

Weight  of  mngh  caating 230 

This  ingot  was  r^ected  on  account  of  being  poroos  at  the  breech. 

Second  easting. 

Date:  March  28,  1878. 

PonndK. 

Chanp  of  metal  from  former  casting , 345 

Weigat  of  rough  ingot 338 

Casting  rejected,  porous  around  trunnions. 
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Third  casting. 
Date :  March  30,  1878. 

Poundi. 
fhupinfineUl  from  preceding  custing 338 

L4k' iiiiparior  ingot  copper 13.& 

(ffnmin  tiD,  ingot 1.5 

Total  charge 353.0 

Rrp  1i)rhtrd  in  furnace  at 7  a.  m. 

Cupjwf  charged  at H  n.  m. 

I'fljtper  melted  at 11  a.  n). 

(iupi-Miat 11.30b.  m. 

Weigkts. 

Wright  of  rongh  casting 347 

HViKht  of  duiahed  gnu lOS.lfS 

PropiMiderauce 1,5 

A  few  spots  of  tin  showed  on  the  exterior  Bur&oe  of  the  gun  juat  in 
frout  of  the  right  trunnioD. 

Th»  guD  is  marked  with  the  letter  G  on  its  upper  surface  between  the 
tniDiiioiiB. 

2.  Specimens  fob  TESTma. 

(Plate  m,  Figs.  2,  3,  and  6.) 

The  specimens  for  testing  were  similar  to  those  for  the  preceding  guns.. 
Tlie  mariu  on  the  heads  of  the  specimens  are  given  in  Fig.  5,  Plate  III. 

For  details  of  t&e  tests  in  this  case,  see  appended  report  of  Mr.  G.  B^ 
Richards. 

3.  iN'OMENCLATUBE. 


A— Bre«ch. 

B — First  reinforce. 

C — Second  reinforce. 

D-ChMe. 

E— Chamber. 


F— Bore. 
0 — Tninidnns. 
H — Riraliuaea. 
I — Caacabel. 
V— VeDt. 


4.  Dotation  and  diuensions. 

'=<IiaiiteE«rof  first  reinforce =  5.5    iiipheu.. 

=  <]iuineter  of  chase =  4.5   ilii-hea.. 

=  diannterof  bore =  8,5   luclieii.. 

=:diamFlcr  of  tmnuious =  3      inches. 

^'timiicter  of  rimba^eB  [tnie  diameter  ^=S",8],  anamed 3      inches.. 

=  iliaiuelFr  of  coacabel ^  1,5   inclies, 

=  raitiiiiior  breech =  S,75  inches. 

=  radius  of  chamber =  l,25iucheH,. 

=  nuliiuof  chaso =  8.2S  inclies. 

^IriiKtfaof  first  reinforce =  a50inchcH.. 

=  l'ii)tthof  ne-cood  reinforce =  8      iiiche«,. 

=  lriij(thof  chase =■  9.5   inches. 

=  l<-nifthof  )>orc>  exclntiiveof  the  chaiuher ^^18.75  inches.. 

-Ii-nuthof  tmnnjons =;  2      ini-hnt.. 

=  li'iJKth  of  TimbaBea ^  0.1    inch. 

=l<-ujtth«f  caBcalwl ^  1.5    inches. 

'■■  •'i.  'i,  Jtc-,  =  Tolumes  of  breeoh,  first  I'uinftirce,  second  reinforce,  Slc,  in  cabi<r 

'./]./].  &c.,^  distances  of  centers  of  gravity  of  bieech,  first  reinforce,  second  lelB- 
'F"-.  &<:.,  (rain  plane  of  reference. 
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5.  Calculations. 
o.   Volumes. 

A.  Breecli — liemiapherical : 

Volume  =  i  D'  X  .5236  =  i  166.375  x  ,5236  =  Vi  =  43.667  cnbic  inches. 

B.  First  reinforce — cylinOrical : 

Volnme  =  D»  x  .7864  X  ^  =  30.25  X  .7864  x  8."5  =  r,  =  20X.9458  cubic 
inches. 

C.  Second  reinforce — frustum  of  cone: 

Volume  =  id  X  .7854  /^~^')  =  -6666  x  .7854  x  75.25  =  r,  =  39.401 
cubic  inches. 

D.  Chase— cylindrical : 

Volume  =  di'  x  .7854  x  (,=20.35  X  .7854  x  9".5=ri'4=151.0916  cubic  inches. 

E.  Chamber — hemispherical: 

Volume  =  J .  d,'  X  .5236  =  i .  15.626  x  .5236  =  -  fs=4.0906+ cubic  inches. 

F.  Bore — cylindrical: 

Volume  =  (!,■  X  .7864  X  I*  =  6.26  x  .7864  x  18".75  =  —  p,  =  92.0391  + 
cubic  iuches. 

G.  TrunnionB  (2) — cylindrical : 

Volume  =  2  .  da'  X  .7854  x  ?,  =  2  x  4  x  .7854  X  2".  —  %  =  12.5664  cubic 
iuches. 
H.  Bimbases  (2) — assumed  cylindrical : 
Volume  =  2d4»  x  .7854  x  f,  =  2  x  9  x  .7854  x  0".l  =  tt,  =  1.4137  +  cubic 
inches. 
I.  Cascabel — cylindrical: 
Volume  =  ^*  X  .7854  x  l."6  =  2.25  x  .7854  X  1.5  =  »,  *=  2.6507  +  cubic 
inches. 

Weight. 

Cablg  Inchea.  Cnblo  Ischn. 

r,=  43.5570  _r.^   4.0906 

r,  =  i«)1.9458  -B.  =  9a.0391 

^-ISl'.OOlS  _  96.1297 

c,=   12.5664 

v,^    nvrt 

«,=     2.6507 


V  =  S  (v)  =  356.4965  =  total  volnmeof  metal  in  gun. 

w  =  0.3H7   pound   BToirdupoia  =  weight   of  one  cubic   inch  of  bnniKe   whoM 
spcridc  gravity  is  8.7. 
Hence,  V  X  w  =  356.4965  cubic  inches  X  0.3147  =  112.1896  +  pounds  =3  weight  of  gon. 

6.  Center  of  gravity. 

Making  the  same  assumptions  and  using  the  same  notation,  and,  in 
addition,  omitting  the  volumes  of  the  rimbt^es,  the  center  of  gravity  is 
found  in  a  similar  manner  to  that  of  gun  B. 


..Google 


KEPOBT  OF  THE  CHIKF  OF  ORDNANCE.        229 
OOMPnTXTION. 

Yaloea  of  xi,  xt,  vj,  &c. 
For— 

A.  Breecb — hemiaplLere: 

ar,  =  I  B  =  |.  2".7B  =  — 1".03125. 

B.  Pirat  reinforce — cylinder : 

C.  Second  reinforce — ^frustum  of  cone; 

-8"  5-4-*  9/>  ft ^  15.1875  + 12.375  -^  7.5625\  _ 
■"'"*'     '   ^  7.6625-1-6.1875-1- 5.0625/ ~ 

=  8".6  -I-  0".5  (  H^)  =  8".5  +  0".9335  =  9".4335  + 

.:  J,  =     0".4336  + 

D.  Chase — cylinder: 

X,  e  8".6  +  2".0  +  ila  =  8".6  -|-  2".0  -^  i  .  9"  Ji  =  15".25. 

E.  Cltsiaber — hemisphere: 

xt  =  \"25  ~%r  =  1".25  —  0".46875  =  0".78l  26. 

F.  Bore— c^ylinder; 

Xt  - 1".25  +  J  .  I<  =  1".25  -I-  i  .  18".75  =  10".625. 

Sobstitnting  the  valuea  of  f  i,  e^  &c.,  and  a^i,  a^j,  &e.,  in  the  general 
formula,  we  have— 

_  laUJn— l".WIMH.WBI.WM,V'.»K4J»mx»"tMaj-f  ltl.l»Wxlt".tH4-(-i.»»l 

'  4.iuit74jgi.HMi.|.^.wi  ^isLWi«-i.ijas<i--M.aSi 

,      2497.6883       ,  ,„  o.q 


■^        339.8657  ' 

<ay  Ji  =  -t-  7".35  =  distance  of  center  of  gravity  ftom  the  plane  of 


CHAPTER  II. 

LIFE-aAVING  PROJEOTILBS. 

Tlie  experimeDtal  projectiles,  both  rifle  and  smooth  bore,  are  niimbei^ 
n  one  aeriea  correaponmag  to  the  order  in  which  they  were  made.  This 
*nieit  comprises  projectilea  of  all  calibers  made  for  tiie  exiierimeuts. 

Sbctiok  I.  RIFLE  PROJKCTILES.* 

L  EXPEBIMBNTAL  PROJECTILE  No.  1. 

(Plate  VI.) 

This  is  a  cast-iron  projectile  and  was  finished  when  received.  It  was 
■iM'  of  a  lot  of  similar  projectiles  prepared  under  the  direction  of  the 
ihilnaoce  Board  for  like  experiments. 


'  The«a  projectilea  were  used  with  S-inoh  M.  L.  rifled  morter. 
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It  iR  cylindrical  with  aphero-seemental  hftod.  This  sliot  is  cast  vitb 
a  core,  which  leaves  a  hole  through  the  shot  fh>iii  end  to  end.  This  hole 
is  c.vliiidrieal  for  2".5  from  the  base;  at  whieh  distance  there  is  au 
aniKiIar  shoulder  ".25  wide  whose  outer  circle  forms  the  smaller  base  of 
the  itustum  of  a  cone  in  which  the  hole  is  continued  to  the  head  of  the 
shot. 

The  cylindrical  pari:  of  this  axial  cavity  is  2".5  long  and  ".6  in  diame- 
ter ;  the  conical  (a  fnistiun]  ])art  is  10".75  long,  with  diameters  of  l".l 
and  1".<^  at  the  smaller  and  larger  ends,  ros]iectivety.  The  base  of  this 
frustnin  is  at  the  heatl  of  the  shot.  A  straight  groove,  ".6  wide  and  ".5 
deep  runs  the  whole  length  of  the  shot  and  ia  parallel  to  the  axis.  The 
bottom  of  this  groove  is  circular. 

A  radial  slot  1"  deep  and  ".6  wide,  connects  the  longitudinal  groove 
with  the  axial  ca\ity. 

The  rilietl  motion  is  given  by  two  rings  of  copper  or  brass  studs,  three 
in  each  ring.  The  distance  between  the  two  rings  of  s^ds  is  6" .25,  and 
the  rear  ring  is  situated  ;V'.15  &oin  the  ba^e  of  tlie  shot.  The  studs  are 
radial,  and  are  screwed  into  the  shot. 

The  bearing  edges  of  the  studs  are  file<]  t>Arallel  to  the  line  joiniug 
their  centers.  Witliin  the  axial  canity  are  contained  a  rubber  plug  and 
a  lead  washer  through  both  of  which  the  (Mird  or  line  to  be  projected 
passes.  The  opening  at  the  head  of  the  shot  is  closed  by  a  sheet-iron 
cap.  This  cap  consists  of  a  cylindrical  body,  on  one  end  of  which  is 
brazed  a  circular  hea^l.  The  head,  from  its  greater  diameter,  projectii 
as  a  flange,  which  latter  is  curved  downwanls  so  as  to  embrace  the  i>oint 
of  the  shot.  The  body  has  a  hole  pierced  in  one  side  to  receive  the  screw 
which  holds  the  cap  in  place  when  the  shot  is  fired  fl'om  the  piece.  This 
screw  passes  through  the  wall  of  the  shot  near  the  frtuit  end  of  the  lon- 
gitudinal groove,  and  its  head  is  countersunk  in  the  metal  at  the  bottom 
of  this  groove. 

I.  Weights,  DiuENfiioNS,  &c. 

Prfseetile. 

Totallpngtli 13.25  iucbes. 

Diaiiu>t<>r  of  body 2.94  inches. 

Diameter  of  ImmI.v  over  Btiidii , 3.12  iuchea. 

RadiiiH  of  heml - 1.47  inches. 

DiHtanre  of  center  of  gravity  from  base 6.30  inches. 

DiHtance  of  Aret  row  of  Btudii  fbim  baae S.l.S  inches. 

Distauce  between  flrst  and  second  row  of  Mtiidi 6.S5  inches. 

NnnilHT  of  xtuda 6 

Nnnilierof  Htiidij  in  eachiow 3 

Helfflit  ofHtiidi 0.09  inch. 

Width  of  rtmU 0.69  inch. 

Front  Mtiid  to  ri)(ht  of  rear  etiid  (both  for  same  groove) 0.5    inch. 

AuRle  due  to  one  turn  in  lOfeet 4°  SC 

Weighl,  about 18       pouudn, 

3.  Cap.    (shebt-iron.) 

Body. — DiametiT 1.28  inches. 

Ijcnjttli 1.3   inches. 

Head. — Diameter 1.7    inches. 

3.  Washer,    (lead.) 

.Diann-ter 1.  inch, 

Thicknew 0.25  iu«h. 

Diameter  of  hole 0.5   inch. 
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4.  BUBBEB  PLUGS. 

DiAlneter. — Greatest 1.2    inrheH. 

Least 1.07  iiirhcs. 

Lenglh from  2  iuches  to  6  iuuhes. 

Diameter  of  longitudinal  hole 0.5   incli. 

5.  Mabes. 

Only  two  of  these  shot  were  made  and  finished.  They  are  marked  on 
one  of  the  rear  studa  C.  1  and  C.  2,  respectively. 

n.  BXPERIMEifTAL  PROJECTILE  No.  2. 

(Plate  Vn.) 

This  projectUe.  is  of  the  same  general  fonn  as  the  preceding  one.  It 
differs  only  iu  the  weight,  and  in  the  details  of  its  dimensions  and  con- 
Htnictiou.  The  metal  is  cast  iron  excejit  the  studs,  which  are  of  brass. 
The  following  table  and  the  drawings  are  sufflcieutly  explauatorj-. 

1.  DniEMSIONS,   WEIGHT,  &C. 

ToUllpiigth 10.3  inches. 

Diwaeter  of  body 2,iM  ini'Ues- 

Dlameterof  )>ody  over  studs 3.14  inrhes. 

R«iii»  of  head 1,47  inches. 

DiMaiicr  of  center  of  gravity  Ironi  base 5.      invbes. 

Dlolanre  of  finit  row  of  stnds  from  base 3.50  inches. 

UidtaDoe  brtwt^u  first  and  second  lonofstuds 5.      inchns. 

Kuniber  of  stnds 6 

Xnuilier  of  «tnda  in  each  row 3 

Hei){ht  of  studs 0.10  inch. 

Width  of  stnds 0.69  inch. 

l''Toiit  Btnd  to  right  of  rear  stnd  (both  for  same  groove) 0.40  inch. 

Afticleddetoone  tnmiu  IDfeet 4°  30,' 

LnngitudiDal  groove  for  short  line.    Length Length  of  shot. 

Width* 0.40  inch. 

Depth* 0.37inch. 

Aiial  cavity. — Cylindrical  portion,  diameter  of 0.60  inch. 

CounterboTV,  front  end,  diainetwr  of 1.      inch. 

Counteibore,  front  end,  length  of 2.      inches. 

Wfight 16  pounds. 

2.  Cap.    (shbbt-ieon.) 

ftody.— External  diameter I.     inch. 

Length 1.1    inches. 

Head,  diameter  of 1.3    inches. 


3.  Washes,    (bbass.) 


l>ianieter 1.      inch. 

Tliicknws 0.15  inch. 

Diameter  of  holt! 0.3    Inch. 

4.  Mabks. 

Tvo  shot  of  this  pattern  and  size  were  made.    They  are  marked  on 
the  rear  studs  as  follows,  viz :  one,  C.  L.  3 ;  tlie  other,  C.  L.  4. 


'The  radial  slot  in  the  baee  has  the  same  width  anil  ilfpth, 
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Sbctiok  TL     smooth-bore  PROJECTILES. 

I.  3  INCH  SMOOTH-BOEB  PROJECTILES. 
1.  ElPERUtESTAL  PEOJBCTILB    NO.  3." 

(Plate  VIII.) 

This  ia  aa  elongatedj  Bolid,  cast-iron  smooth-bore  projectile.  In  form, 
it  is  cylinilro-ogival  with  a  fi-ustam  of  a  cone  for  ita  Imse.  The  radios 
of  the  ogival  head  is  eqnal  to  the  diameter  of  the  shot. 

The  edges  or  angles  about  the  base  are  slightly  rounded. 

A  shank,  or  eye-bolt,  of  wrought  iron  is  screwed  into  the  base  of  the 
projectile  to  serve  as  a  point  of  attachment  for  the  shot-line. 

1.  Dimauioiu. 

ToUIIen^h 13.8  incbea. 

LeD^tb  of  ogivolheAd 8,6  Incheit. 

Radiaa  of  head 3.     incht«. 

Leugth  of  cylindricRl  part 9.9  inche«. 

Uiouieter  of  cylindrical  part 3.     inches. 

Leugtli  of  fruBtllDl 1.3  iucIicM. 

Diaiuel«r  of  amnller  base  of  frnotnitt 1.7  iucliea. 

Shank:  Totnl  lenetb K.7  inches. 

Length  of  tcrew , 1,5  inchos. 

Diameter  of  screw 0.5  inch. 

Lengtii  from  plaue  of  base 1.2  iuohes. 

Distance  irom  base  to  center  of  eye-hole 0.7  Inch. 

DiainetMT  of  eye-hole 0.4  inch. 

Width  at  evo 1.    inch. 

Thirkiie«sateye 0.4  inch. 

Diameter  of  neck 0.635  inch. 

Weight,  about 88  poniids. 

2.  Mcarka. 

Two  of  these  shot  were  made  and  niarke<l  as  follows :  first,  C.  6j  sec- 
ond, C.  6. 

2.  EXFEBIMEKTAL  PBOJECTILE  Ko.  4. 

(Plate  IX.) 

The  form  and  dimensions  of  the  body  of  this  shot  are  identical  with 
those  of  "  experimental  projectile  No.  3,"  (which  see).  The  only  diifer- 
ence  is  in  the  shank.  The  details  of  this  projectile  are  Ailly  shown  in  the 
drawing. 

1.  Dinteimons  of  shank,  dx. 

Total  lensth  of  shank,  including  screw 11.5     inches. 

Leugth  of  screw-thread 1.5     utcbes. 

Diameter  of  screw 0.5      inch. 

Length  of  sliank 10.       inches. 

Diameter  of  shank 0.035  inch. 

Diameter  of  eye-hole .- 0.4     inch. 

Width  at  eye-hole 1.        inch. 

Thickness  at  eye-hole 0.4     inch. 

Distancu  irom  plane  of  base  to  center  of  eye 9.5     inches. 

DiHluuce  of  center  of  gravity  from  plane  of  base &.97    inches. 

Weight  about SS       ponnds. 

*  This  and  the  two  succeeding  projectiles  weve  made  for  3"  11.  L.  rifled  mortar. 
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2.  Marks. 
Oae  shot,  marked  G.  7. 

3.  Experimental  pbojegtile  :n^o.  5. 

(Plate  X.) 

This  shot  also  differs  from  'So.  3  onl;  in  the  length  and  details  of  the 
ahank. 

1.  Dimenaiona  of  shank,  de. 

I^tal  knxth  of  shank,  including  eorew 7.5  inch«a. 

Lrngth  of  screw-thread 1-5  incliea. 

Diameter  of  Hciew _ 0.6  Inch. 

Length  of  Bhaok A 6,  inches. 

Diameter  of  ahank D.6S5inch. 

Diameter  of  eye-hole -,.  0.4  Inch. 

Width  at  eye-hole 1.  inch. 

Thicknees  at  eye-hole 0,4  loch. 

Diotauce  froiD  plane  of  base  to  center  of  eye 5.5  inchea. 

Distance  of  center  of  gravity  from  plane  of  buee it  inches. 

Weight,  about 93  jionnda. 

2.  Marks. 
Two  shot  made,  marked,  respecti.''  ly,  0.  8  and  0.  9. 

i,  ErraKIMEHTAL.  PBOJEOTILB  So.  17.' 

(Plate  XI.) 

This  is  a  cast-iron  projectUe  whose  body  has  the  same  form  and  di- 
meusions  as  "  eiperimental  projectile  No.  3,"  The  shank,  however,  is 
different,  being  longer,  and  having  the  portion  which  screws  into  the 
shot  much  larger.    For  conveaience  all  the  dimensions  are  here  given. 

1.  Dimensimu. 

Total  length 13.9  iuohea. 

Length  of  ogiTal  head 2.6  incbea. 

BadiDB  of  head 3.  inobea. 

Length  of  cvUudrical  part 9.9  lucbea. 

Divneter  or  cylindriusl  part .' -...  3,  hichea. 

Length  of  frustmn 1.3  Inches. 

Diameter  of  amaller  bane  of  fiwrtum 1.7  hichea. 

SLaot:  Totallengtb 6.6  inobea. 

Length  of  screw 1.6  inches. 

Diameter  of  screw I,  inch- 
Length  (Vnm  plane  of  base 6.  fakcbes. 

Distance  ftom  base  to  cent«ir  of  eye-bole 4.5  inchea. 

Diameter  of  eye-hole .,.. 0.4  Inch. 

Width  at  eye 1.  inch. 

Thicknew  at  eye 0,4  Inch. 

Diameter  of  neck , 0.625  Inch. 

Weigbt,  alrant Zi  pounda. 

2.  Marks. 

Five  of  these  shot  were  made,  and  marked  serially  from  0. 10  to  C.  14, 
both  inctosive. 

*  This  form  used  with  gun  "  A  "  bored  to  a  caliber  of  3  in^hoo. 
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n.  2  INCH  SMOOTH  BORE  PROJECTILES. 

These  projectileB  were  fftbricated  for  use  in  connection  with  experi- 
mental bronze  gnn  "A,"  which  was  first  bored  outtoacahber  of  2  inches. 

1.  Experimental  pbojectile  "So.  6. 

(Plate  XII.) 

This  2-inch  shot  is  made  of  soUd  wrought  iron.  It  is  cylindnt-ogival 
in  fonn.  The  base  is  the  frustum  of  a  cone.  The  radius  of  the  head  is 
equal  to  one  diameter  of  the  shot.  It  has  a  wrought-iron  shank  like  the 
3'inch  smooth-bore  projectiles,  to  which  it  is  similar  in  all  respects  ex- 
cept in  material. 

1.  Dimeimotu. 

Total  loHKth 13.  incIiFs. 

Length  of  ogival  bead 1.73  iucbfa. 

TtailiiiH  of  head 8.  iiicliea. 

L«iigtb  of  uyljiidrical  part - 10.87  inehcH. 

Diamuter  nf  cyliDdrical  part 3.  iurht«. 

Lengtb  of  ftustiim 1.  iucb. 

Diameter  of  Bmallor  hatie  of  fiuatiiin I.  inrh. 

Shank:   Total  lenKth 6.5  iiichee. 

LoDgth  of  Bcrew 1.5  Inches. 

Diameter  of  screw 0.5  iuth. 

Li<ngtb  from  plane  of  base 5.  iucbes. 

DiBtHDce  from  baite  to  cent«r  of  eye-hole 4.5  inehcs. 

Diameter  of  eve-hole 0.4  inrh. 

Width  at  eye 1.  iiith. 

Tbloknew  at  eye 0.4  iuch. 

Diameter  of  ueck 0.625  iuih. 

Distance  nf  center  of  gravity  frvmbase I>.22  inches. 

Weight,  aboat 10  pounds. 

2.  Uarka. 

One  shot  made,  marked  LL.  1. 

2.  EXPEBIUENTAI.  PROJECTIL.B  Ko.   7. 

(Plate  Xm.) 

The  body  of  this  one  is  tiie  same  as  the  ))receding,  but  the  shank  dif- 
fers somewhat.  All  the  dimensions  of  the  body  are  identical  with  those 
of  No.  6. 

1.  Dimensions  o/tJumiCf  &c. 

Total  length 3.5      inches. 

Length  of  screw 1.5      inches. 

Diamet«rof  screw 0.5      inch. 

Length  frvm  plane  of  base 2.        inches. 

Distance  from  base  to  c«nt«t  of  eye-bole 1.5      iucbes. 

Diametor  of  eye-hole 0.4      inch. 

Width  at  eye 1.        inch. 

Thickness  at  eye 0.4       inch. 

Diameter  of  neck 0.625  inch. 

Distance  of  cent«Tof  gravity  from  base 6.25    inches. 

Weight,  about 10.        pounds. 

2.  Marks. 
Two  shot,  LL.  2,  and  LL.  3. 
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3.  EXFEBIUEHTAL  PBOJBCTILS  No.  $. 

(Plate  XIV.) 

This  »hot  has  the  same  exterior  form  and  dimeiiHiona  aa  "So.  6.  The 
body  in  made  of  cast  iron.  A  cylindrical  cavity^  whose  axis  is  coincident 
with  that  of  the  shot,  is  hored  out  and  filled  with  lead.  This  canity  oc- 
cnpies  about  two-thirds  of  the  len^h  of  the  projectile,  and  is  drilled 
from  the  head  or  &ont  end.  A  plug  of  wrought-iron  screws  into  the 
open  end,  closing  the  cavity  and  forming  the  point  of  the  shot.  The 
shank,  or  eye-bolt,  is  of  wrought  iron.  The  details  of  construction  are 
given  in  the  drawings. 

1.  I^imenaions. 

TnUlleDKth 13.        inchea. 

LetiRth  of  oj^valhead 1.73    luchao. 

RwUusnfhrMl 2.        JDches. 

I*nB»h  i>f  rjrliDdricsl  part 10.27    iuclies. 

Diameter  iif  (-yliudrical  port 2.        inches. 

Lfugtb  of  fruBtnra 1,        inch. 

UiaiDet«r  of  xmaller  bane  of  frnntnin 1.       iuch. 

Point  of  projectile — Total  leofctli 1,53    iuchei. 

Hea(l(ogivaI):  Len^h 0.53   inch. 

Diumoter  of  base 1.20   inehea. 

Bodf  (cylindrical):  Leu)^b 1.        iuch. 

Diameter I.IO   inches. 

Aiial  cavity  (c;rlindrical):  Total  lensth 9.        inches. 

Len)|^h  fiUed  witli  lead S.       inches. 

Diamelei 1.        inch. 

Shank;  Total  length- 6.5     inches. 

L.en){th  of  screw 1.5     inches. 

Diameter  of  screw 0.5     inch. 

l^D^h  from  plane  of  base  of  shot 5.        inches. 

Dintance  from  hose  to  cent«i  of  eye-hole 4.5      inches. 

Diameter  of  eye-hole 0.4      inch. 

Width  at  eye 1.       inch. 

Thicknras  at  eye 0.4      inoh. 

Diameter  of  neck 0.626  inch. 

Diatance  of  center  of  gravity  fto>m  liMe<"LL.4") 6.25   inches. 

DintancB  of  center  of  §:ravity  from  base  ("LL.  5") 6.38   inches. 

Weight,  about 10.       ponnda, 

2.  MarkB. 
Two  shot  made,  marked  LL.  4  and  LL.  5. 

4.  EXPERIMEHTAL  PEOJECTILB  No.  9. 

(Plate  XV,) 

This  is  a  cast-irou  projectile  and  is  cast  solid.  The  exterior  is  cyl- 
indro-ogival  with  a  part  of  the  ]>oint  removed.  A  groove  is  planed 
aloQg  one  side  of  the  shot,  parallel  to  the  axis,  for  the  accommodation 
of  the  shot-line.  A  transverse  slot  is  cut  in  the  rear  end  of  the  pro- 
jectile to  connect  the  axial  cavity  with  the  longitudinal  groove. 

The  axial  cavity  is  bored  out  and  has  the  front  end  couuterbored  for 
the  reception  of  the  brass  washer  and  the  knot  on  the  end  of  the  line. 

The  cavity  is  closed  in  front  by  a  cap  held  in  position  by  a  side 
screw. 
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1.  Weiffkti,  dmmnoiu,  46c. 

ToUl  length 13.       Inchea. 

Dlaiuetor  of  body 1.995  inchM- 

RadioBof  head 1.996  iiiches. 

Distance  of  i^ntarof  mvity  from  base 6.35    Juchoa. 

Ixmgitodinal  grooTe  tor  shot-line :  length L^nifUi  of  Bbot. 

Width 0.40   inch. 

Depth. 0.35  inch. 

OiDore  in  bMa  for  Bhot-line :  Width 0.40   inch. 

Depth 0.35   inch. 

A.ii»l  oaritf,  cjlindrical  portian :  Diameter 0.60   inch. 

CoQnterbore,  front  end:  Diameter . 1.        inrh. 

Length 1.50   inchoa. 

Weight a75   jmnniU. 

2.  Cap.— {Sheet-iron.) 

Body:  External  diameter 1.     inch. 

Length . 1.1    inchea. 

Head:  Diameterof. 1.3  inches. 

3.  Waaher.—{Bra$«.) 

Diameter 1.0   inch. 

Tluoknesa 0.15  inch. 

Diamet«Tofhole 0.30  inch. 

4.  MarJca. 

Two  ahot  were  made,  marked  respectively  LL.  6  and  LL.  7. 

fi.  EXFEBrStENTAL  PROJECTILE  TSo.  13.* 

(Plate  XVI.) 

The  exterior  dimensions  of  this  shot  are  the  same  aa  those  of  No.  8. 
The  shank  in  this  instance  extends  axiatly  through  the  entire  length  of 
the  projectile.  The  &ont  end  of  the  ahai^  is  so  shaped  as  to  form  the 
point  of  the  projectile.  The  entire  body  of  the  projectile  is  of  lead.  The 
body  is  kept  from  turning  on  the  shank  by  flattening  the  latter  and  rais- 
ing some  barbs  on  the  angles  with  a  cold-cbiseL 

1.  Dimeiuiont. 

Point  of  projectile:  Length  of  head O.b   inch. 

Dianiet«r  of  base 1.5&  inches- 
Shank:  Total  length la      incbea. 

Length  frnm  base 5.      inches. 

Distance  from  base  to  center  of  eye-hole 4.5    incbcA. 

Pot  other  dimensions  see  "experimental  projectile  No.  8,"  and  plate  above  cited. 
Weight 14.25  pounds. - 

2.  MarJes. 

One  shot,  marked  LL.  O. 

6.  f^EBIUENTAL  PROJECTILE  Ka  14.* 

(Plate  XVn.) 

This  is  similar  to  projectile  No.  8,  &om  which  it  difToTB  by  having  a 
heavier  shank,  and  by  having  the  axial  cavity  for  the  lead  bored  firam 
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the  base  of  tlie  shot.  This  leaves  the  head  of  the  shot  solid  and  dimin- 
ishes the  labor  of  maDU&«ture.  The  dimeiiBions  wherein  this  projectile 
differs  from  No.  8  are  given  below.    {See  "Ex.  proj.  Xo.  8.") 

1.  IHmataions. 

Diameter  of  amall  base  of  froHtuin 1.375  inoIiM. 

A^alcavity:  Total  lensth 11.5  inchea. 

Lentil  BUed  with  iMd 10.  inchea. 

Diameter 1.  inch. 

Slunk:  IHameter  (exterior)  of  BCTew-thieAd 1.1  inchea. 

Diameter  of  neck 0.6(^5  inch. 

Veiglit,  about II.  pounda. 

2.  Markt. 

One  shot  made,  marked  LL.  8. 

7.  EXPBBIMBNTii  PEOJEOTOa}  No.  16.* 

(Plate  XVni.) 

This  projectile  is  cylindro-ogival  in  form,  with  a  frastnm  of  a  cone  for 
its  base.  The  body  is  of  cast  iron.  An  axial  cavity  is  bored  from  the 
base  nearly  the  whole  length  of  the  shot.  Into  this  cavity  melted  lead 
is  ponred  and  allowed  to  cool,  after  which  the  shank  is  screwed  in.  The 
lead  increases  the  weight  of  the  shot  without  increasing  its  volume. 

1.  Dimensions. 

Total  lenzth 15.  inches. 

LeDf^b  of  o^val  bead 1.73  inchea. 

Badias  of  heart i.     2.  iucbea. 

LwiKth  of  cylindrical  part 12.27  inches. 

Diameter  of  cyhndrical  part 2.  incbea. 

Leii({th  of  fniatuin 1.  iiicb. 

Diameter  of  amaller  base  of  frostnin 1.376  inches. 

Axial  cavity:  Total  Unvtb 13.5  inches. 

Length  filled  with  lead 12.  inches. 

Diuneter 1-  inch. 

Shank:  Total  length 6.5  inches. 

LcHgtli  of  screw,  thread 1.5  inches. 

Diameter  (eiterior)  of  ite row-thread 1.1  inches. 

Length  from  plane  of  hose 5.  inches. 

Distance  from  base  to  center  of  eye-hole 4.5  inchea. 

Diameter  of  eye-bole 0.4  inch. 

Width  at  eye 1.  inch. 

Thicknean  at  eye 0.4  inch. 

Diameter  of  neck 0.66S6  inch. 

IMatanceof  center  of  gravity  fi«m  base 7.  inchea. 

Weight,  a  little  over 13.  pounda. 

2.  Maries. 

Six  of  these  projectiles  were  made  and  marked,  consecutively,  from 
LL.  9  to  LL.  14,  both  numbers  inclusive. 

m.  2.5-INCH  SMOOTH-BORE  PROJECTILES. 

Tbe»e  projectiles  were  fabricatetl  for  use  with  experimental  bronze  gun 
A,  after  it  was  bored  out  to  a  <!alibor  of  2.5  inche.t. 
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1.  EXPBBIMENTAX  PROJECTILE  ISo.  10. 

{Plate  XIX.} 

This  is  a  2.5'iDch  projectile  made  of  solid  cast  iron.  The  form  is  cytin- 
dro-ogival.    A  frustum  of  a  cone  forms  the  base. 

Tlie  radius  of  the  ogival  hea<l  is  e(|ual  to  one  diameter  of  the  shot. 
A  wruught-iron  shank  is  screwed  into  the  base,  having  an  eye  at  it^a 
posterior  extremity  for  attiusliiug  the  line.  For  deteils  of  construction, 
see  i)lat«. 

1.  IHmaisions. 

Total  IPiiRth 13.3  iocbea. 

L«nKlhufiit(ivalbeBd B.17  inrli^s. 

EftdiDS  nf  iMiad 2.5  iDihes. 

Length  of  cylindziral  part 10.03  iurbee. 

Diameter  of  cylindrical  i>art 2.5  incites. 

LeuKthof  fhwtnm 1.1  incbes. 

DianiettTof  HnuUcrboAeof  ftiiHtnm 1.35  iucbes. 

Shaiik  :  Total  length 6.5  incbes. 

Lenifth  of  screw 1.5  inches. 

Dinnietpr  of  screw 0.5  inch. 

Leii^h  from  ]ilAiie  nf  lin>u> 5.  inches. 

Distance  fVom  haae  to  rt^ntur  of  eye-hole 4.5  inches. 

DiaiuetcT  of  eye-bole 0.4  iilcb. 

Wklth  at  eye 1.  inch. 

Tliickness  nt  eye 0.4  inch. 

Dianieterof  ueck 0.5625  inch. 

Distance  of  center  of  ^avity  from  bane 6.3  inches. 

Weight,  about 15  pounds. 

2.  Marks. 

Two  shot  made,  marked  L.  1  and  L.  2, 

2.  Experimental  projectile  No.  11. 

(Plate  XX.) 

This  is,  also,  a  2,5-inch  projectile,  made  of  solid  cast  iron.  The  boily 
of  tliis  shot  has  the  same  form  as  that  of  No.  10,  and  differs  only  in  the 
length  and  weight. 

The  ogival  head  is  identical  with  that  of  No.  10.  The  'w^oagh^iron 
shank,  or  eye-bolt,  differs  sliglitly  from  the  one  attache<l  to  the  preced- 
ing shot,  in  that  the  Sfirew-thread  is  shorter  and  the  neck  extends  into 
the  base  of  the  projectile  for  0'-.4  without  diminution  of  diameter.  ITie 
hole  in  the  base  is  count«>rbored  to  accommodate  the  increased  size.  The 
details  are  given  in  the  tollowing  table  of  dimensions  and  upon  the  draw- 
ing of  the  projectile. 

1.  JHmenaiotts 

Total  IcnRtb U.7        inches. 

Lea;j^h  of  ogival  head 2.17      inches. 

Radius  of  bead 2.5        inches. 

Length  of  cylindrical  part 11.43      inches. 

Diameter  of  cylindrical  part 2.5       inches. 

Length  of  ttmtum 1,1        inches. 

Diameter  nf  amnller  base  of  li-mtnm 1.35      iiicben. 

Total  Icm^h  of  hole  fur  shank ■...     1,5       inches. 

Length  of  female  screw 1,1        inches. 

Length  of  oounterbure 0,4       inch. 

Dianieterof  female  Hcrew-boli! 0.5       inch. 

DiamcttTof  connt*rbore 0.5625  inch. 


C.OiH^le 
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Sh»nk;  Total  Irngtb 6.5  inches. 

L«a^li  of  screw 1,1  inches. 

Dionwter  of  screw 0.5  inch. 

Leof(tbaf  neck  inserted  in  base  of  shot 0.4  inch. 

LeuKtbfrom  plane  of  base 5.  inches. 

Distance  &oni  base  to  center  of  eye-hole 4.5  inches. 

Diameter  of  eyt.'-hole 0.4  inch. 

Width  at  eye 1.  inch. 

ThickuesH  at  eye 0.4  inch. 

DiamettT  of  neck 0.5625  inch. 

Diilance  of  center  of  gravity  fo>m  base 7.  inches. 

ffdRhi,  aboQt 17  pounds. 

2.  Marks. 
One  shot  made,  marked  L.  3. 

3.  EXPBEIMENTAL  PKOJECTII^B  No.  12. 

(Plate  XXI.) 

Tlie  length  and  weight  of  this  projectile  aregreat«T  than  in  the  precetling 
one.  In  fonn  and  material  it  ia  the  same.  The  shanks  are  also  similar 
iu  every  reopect.  The  quantities  given  in  the  following  table  are  the 
trnly  ones  in  which  this  shot  differs  from  projectile  Xo.  11.     (See  plate.) 

1.  IHmenmons,  i&c, 

Tciul  length 15.7    inches. 

Lrneth  of  cytiDdrical  part 13.43  inches. 

l>iMance  of  centerof  gravity  fh>m  base 7.45  inches. 

Weight,  abont 18      pounds. 

2.  Marks. 
One  shot  made,  marked  L.  4. 

4.  EXPERIHEKTAI.  PROJECTILE  Ko.  16.* 

(Plate  XXIL) 

This  cast-iron  shot  is  aimilar  to  Ko.  12,  bnt  it  has  a  stronger  shank. 
The  details  of  form  are  fully  shown  iu  the  plate. 

1.  IHmensions. 

Total  lenetb 15.7    inches. 

LrnfrtbofogiTalhead S.17  inches. 

Kailius  of  head , 2.5    inches. 

L'lijfth  of  cylindrical  part 12,43  inches. 

Inaioeter  of  cylindrical  part 2.5    inches. 

I.'nirth  of  frusinn. ., 1.1    inches. 

Ihaoteterof  snuillerbBse  of  frnstQm 1.35  inches. 

Shank;  Total  lensth 6.5    inches. 

Length  of  screw 1.5    inches. 

Diameter  of  Enirew ].      inch. 

Jjength  from  plane  of  base 5.      inrhes. 

Distance  from  base  to  center  of  eye-hole 4.5    inches. 

Diameter  of  eye-hole 0,4    inch. 

Width  at  eye 1.      inches. 

Thickness  at  eye 0.4    inch. 

EHaiDetrr  of  neck 0.li95luch. 

i>i<iiance  of  tenter  of  gravity  from  plane  of  base 7.46  inches. 

W'-ijrbt,  about 19       pounds 


*  Hade  for  gnn  C. 
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2.  Marka. 
Kine  shot  made,  Dombered,  Berially,  from  L  5  to  L  13,  both  incInsiTe. 
Taile  of  r^  pnjeeliltt. 


Harlu,  botb  Indotive 

TaU)  length 

muoeteror  body 

Badiniorhnd 

DUtaDoe  at  amUx  of  gnvUr  tram  bate . . . 
DUtaane  of  first  row  of  stoda  ftom  Iwn. . . 


DMtBte  betwegn  tworawi  of 

IfnmbFr  nf  stoda 

Hnmbor  of  atada  Id  aaoh  rov. 


CLJ 
and 
C.  1.4 


Betfht  of  Btnda 

Vldtbof  alada 

Float  alnd  to  rigbt  at  nat  ttad  (botb  of  Mms  groove) . . 

Angle  dii»  to  1  tutu  tulCfnt  (3.018  mslen) 

LoDKitudlunl  gmo^e  (or  abot-line : 

Wldtb 


'  j  crallmMen. 
j  cfntimctera. 


■dial  alot  In  I 
Width. . . . 


Cylindrical  part,  tin 

CorintArbore  fnmt  et 

INameter 


Valgbl,  aboat  . . 


jkUagraaa  . 


Weighit  of  ri/lt  pnfjecHlet. 


NoDbsr. 

Marka. 

Weight. 

PoDDda. 

18. 

n.7s 
It  It 

^:ti::::::::::-::;:::::-::-:::- 
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TWb  (/  i4Mik  imooiK-bore  projeotUet. 


No,  a. 

Ho,*. 

»o.  S. 

No.  17. 

a. 

Iv 

Si  061 

0.80* 

If 

2&1M 

7.flZ 

sr 

4.318 

tr 

a.ai 
as 

1.Z7 

if* 

LB«7 

t 

2.1 

T.«l 

3,302 
iillB 

2ft!  20B 
l.E 

LZ7 

?! 

3i.lB 

t!,. 

1. 
2.H 

miM 

T.m 

C.8,C.B 

35.0S1 
S.SH 
J.« 

25.  IM 

T.aa 

1.3 
3.303 

mos 

liar 
& 

13.01 

0.4 

2.54 

t.ta 

1S.T4S 

a.m 

u 

InohM 

sg 

InchM 

as-"":: 

lncb« 

■wntlmelcn.. 

Incbsa 

iBChM 

ccuUmetcn.. 

iDcheB 

oenWrneWn.. 

Inehwi 

eenHniete™.. 

ceuliiiMtan!! 

2.0 

3. 

i? 

i^-nhorrnubim 

iir 

Sbuk: 

&s 

L5 

iyaartn  ol  icnw 

intheo 

1" 

UMmf,baBbmM,U>t«ntMioIt^b<^ 

1L43 

IhkbHHBtcje 

LMO 

Th""!!*^:: 

a!  St 

™h.. !..":: 

asM 

^^ 

1.SS7 

T'i.it.lm.t 

KS:».- 

31 

ia.m 

Vei^ftb  (/  Z4neh  imooth^ore  projecliU*. 


llarlu.   ' 

Weltht 

Poonda. 

KJlogmm.. 

J 

2LW 

II 

22. 2S 

gs 

2X082 

j 

10. 003 

! 

ia34>i 
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Tablt  o/S^nA  ttKootit-lmre  pr^eetiUt. 

ETpfirlmeotal  prqj«til«. 


ToUll^gtb P;Xi 

Length  of  o^viJ lead \'^'^Zl 

BodllUDrheul Si.°»ttmi 

Leoglh  of  cyliairiwl  p«rt..  j  JiJ^^^^i 
Diameter  of  cjliudrical  pait  J  JjJn^SJ^i 

Length  of  fhutDin |  iUl'.ti™  i 

Diameter  of  amaller  ban  of;  Inrlieit . 
ftiuilam.  j  cenUnu 

Shank : 

Tolallength 

Length  of  icrflw 

Diameter  of  Hnv... 

Length  ttma  plane 


Dlametet  of  neek 

UiBtance  of  centerof  grarltr  J  ■"''^ 


f pnnnd 

--{  Ulogr 


4i.nV  It 51 


0.H2S    o.sie5 


Weighti  of  2-iAch  tniootk-bore  projtctUt*. 


Weight. 

Bemarka. 

Ponnda. 

Kltogna* 

Xu      1 

±1 

.l;i2 

LI.14 

10. 4M 

ID.WB 

8.TS 
11.1.W 

13.  IM 

13. 2S 

i.ita 

3.  MS 

B.t« 

S.M 

S.M7 
S.BBT 
&SH 
•.OM 

Wrou^tl™. 

Ax.M»vity. 

AiUl  oavlt  J . 

Axial  caTlly.I3".5  ong. 
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Tablt  of  2.5-JnrA  imoolh-bore  projeclUa. 


SipcriinrTilBl  projcctfle— 


Xnmbf r  of  ppoJettUf «  nude 

'»>" !!;S",.i 

liwkii.  both  lutlniiive 

ToullMph {«MlmeU 

Mb.of  hfad |™^to^ 

LrnEthDfc)-liiidri<«lp«rt ji^tiSet. 

Dl««.«orcyIi»drk»lp.rt \]^^Z>i. 

l"-ethoffrai.tnni iMnlSei. 


ToUllnigtb 

Ltogtti  of  (Ctvir . . 


Lfngth  rrom  ptaoe  of  bue. . . 
DUtUKO  from  bMe  to  ceutor 

DIuiKtdr  of  oye-hole _.< 

Width  «t  eye 


tHuBctar  of  Dock  ■ . . 


j  ewiliiiMten . 

\  kUOflUDB- . . 


17.78 


Weiffkit  d/S.5  JncA  tmootk-bore  projeetila. 


Petatdt.    SOot. 


fOVAM.   AUM. 

}l'  ™^T  ™i  WrighU  »Ker  belnn  fittwl  wilU  Iho  sbuik  xintA  In  i 
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CHAPTKR  III. 
GUN  CAKRIAGEa. 

brctiox  I.— cabriaobs  fob  3-inch  u.  l.  biflbd  hortab. 

I.  Cabbuob  No.  1. 

(Plate  XXin.) 

Th«  3-iiicli  M.  L.  rifled  mortaj  was  mounted  on  this  carriage  when  re- 
ceived. Tlte  carriage  bad  been  iisod  in  malting  some  preliminaiy  experi- 
ments before  being  sent  to  the  National  Armory. 

It  consists  of  two  cheeks  and  three  transoms,  made  of  oak ;  and  of  two 
trunnion  plates,  two  cait-squares,  twelve  assembling  bolts,  twelve  waafaers 
and  twelve  nut«,  made  of  wrought  iron. 

The  IVont  and  rear  transoms  project  beyond  the  cheeks  to  form  bandies 
for  convenience  of  transportation. 

The  middle  transom  is  placed  icrtically  between  the  cheeks,  and  is 
almost  directly  Iteneath  the  tnmnioiis. 

The  eiiils  of  this  traustmi  are  let  into  the  cheeks.  Two  aseembling 
bolts  pawing  through  the  cheeks,  and  longitudinally  through  this  (mid- 
dle) transom,  give  rigidity  to  the  cheeks. 

The  nuts  and  ends  of  tlie  as^enihliug  Imlts,  wluch  project  below  the 
cheeks,  tend  to  check  the  recoil  by  sinking  into  the  earth  or  sand. 

The  <lrawiiigK  furnish  the  dimensions  and  the  detaila  of  constmction. 

AVeight  of  carriage  and  quoin,  77  iKnrnda. 

II.  Cabriage  No.  2. 
(Plate  XXIV.) 

Tliis  carriage  was  made  at  the  National  Amiorj'.  It  differs  in  some 
of  the  details  of  its  constmction  from  carriage  No.  1. 

The  <;heek»  are  thicker,  are  not  so  long,  and  the  number  of  parts  is 
diminished.  Iron  handler  are  placed  at  the  sides  to  be  used  in  moving 
the  gun  and  carriage  from  place  to  place. 

Tlie  followuig  are  the  component  parts  of  this  carriage,  namely ; 

Two  cheeks  and  front  transom  of  wood  (oak) ;  two  tmnoion  plates,  two 
cap-sqnare»,  four  handles,  twelve  assembling  bolts,  twelve  nnta,  one 
washer,  and  one  rear  transom  of  wrought  iron. 

A  wooden  quoin  is  need  forgiving  elevations. 

Weight  of  carriage  and  quoin,  68  pounds. 

(See  plate  for  dimensions,  &c.) 

Skctios  II.— CAREIAGES  FOB  SMOOTH-BORE  GUN8. 

The  carriages  or  beds  for  the  nmooth-bore  bronze  gans  were  aJI  made 
lit  the  National  Armorj-,  Springfield,  Mass.    The  materials  are  oak  and 
■  wrought  iron. 

L  Cabeiagb  foe  dkonze  gun  a. 

(Plate  XXV.) 

Xommclature. 
a.  Wood. 
2  diecks,  same  size. 
1  ftoDt  transom. 
1  quoin. 
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b.  Wroiiglit  iron. 
2  tmtuiion  plates,  same  size. 
2  cap-squares,  same  size. 
2  hinge  plates,  same  size. 
2  hinge  pins,  same  size  (riveted). 
2  cap-square  keys,  same  size  (rotating). 
4  assembling  bolts,  long,  same  size. 
-1  assembling  bolts,  short,  same  size. 

1  assembling  bolt,  transverse. 

2  irasliers. 
8Dnt8. 

1  rear  transom. 
4  handles. 

2  cheek  bands. 

The  two  rear  asHenibling  bolts  (long)  screw  into  the  liingc  plates. 

The  e^ip-stinaro  keys  rotate  atout  tlie  front  as8eml}Iing  bolts  (long) 
imd  lock  tbe  caji-squares  wben  in  ]>osition. 

The  cheek  bauds  pass  around  the  edges  of  the  checks  and  are  fastened 
to  the  latter  by  wood-screws. 

These  bauds  are  made  to  fit  closely. 

The  dimensions  and  details  of  the  construction  are  gi^■en  in  the  plate. 
Weight  of  carriage  and  quoin,  63  pounds. 

II.  Carriage  for  bhonzb  gun  B. 

(Plate  XXVI.) 

This  carriage  is  similar  in  form  to  the  preceding  one,  but  is  smaller 
awl  lighter.  The  rods  that  serve  as  handles  for  transix>rtation  are  made 
long,  in  order  tliat  the  load  may  be  balanced  by  slipping  the  hands 
along  the  rods  when  two  men  carry  the  gun  and  carriage  with  the  pro- 
jectiles lying  on  tlie  rear  transom. 

The  nomenchiture  of  this  and  the  following  carriage  is  the  same  as 
that  for  gun  A. 

Weight  of  carriBf(e  aii<1  qnoin ,, 35     poitncta. 

Wei|{ht  of  (rarrlage  aliiiie UH.  ft  ponndB. 

(For  details  see  plate.) 

III.  Cahkiage  for  bronze  gun  C. 

(Plate  XXVII.) 
This  carriage  differs  but  slightly  from  that  designe<l  for  gun  A. 
The  tnuinion  beds  and  transoms  in  this  carriage  are  p1ace<l  farther 
forward,  and  tlie  checks  are  cut  awtiy  more  in  rear  of  the  truimioiis. 
The  drawings  give  all  the  details  of  construction  and  the  tlinieusions. 


BfcapHulalioH  of  Ike  jceighta  of  gun-tarriagei. 


So. 

Gan-cwriage.  witb  qnoln. 

Wr 

ght. 

KUoKraau. 

ItaMTki. 

£!Si:SL-l:aS:- 

77 
«8 

34.93 
30.M 
28.  M 

Without  qnoln,  M-.1  poun.l.  (15.2  kJloa.) 
WltboDt  (iDohi.  EM  iH>iiDd«  (22.68  klloa.) 

_ 
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CHAPTER  IV. 

POWDER,  AND  CABTKIDGB  BAGS. 
I.  POWDEE. 

Two  kinds  of  powder  were  used  during  the  first  series  of  experimeDts : 
Dupont's  mortar  iH>wder  and  Hazard's  United  States  Government 
musket  powder. 

The  Dnx>ont  mortar  powder  nsed  was  a  sample  on  baud  when  the 
experiments  began. 

The  qualities  of  the  Hazard  musket  powder  used  in  this  series  of 
experiments  arc  shown  below  in  the  rei>ort  of  Mr.  11.  T.  Hare,  in  charge 
of  the  experimental  apparatus  at  this  armorj'.  The  arm  and  aniinunitiou 
used,  though  not  conibmmig  to  the  actual  conditions  of  8er\ice  with  life 
savuig  guns  and  projectiles,  afford  relative  tests  of  the  values  of  different 
powders. 

The  pressiu-es  in  all  eases  were  taken  with  the  Roilman  pressure  plug, 
with  musket  Itousing,  using  the  yational  Annorj-  circular  cutter.  There 
was  no  "  intenial-pi-essure  gauge"  suitable  for  use  with  the  iife-saviug 
guns.  The  Le  Bouleng6  clmmograph,  the  Benton  electro-ballistic  ma- 
chine, and  the  Benton  thread  velocimcter  were  employed  in  obtaining 
the  initial  velocities.  These  machines  were  used  simultaneously  for 
taking  velocities. 

ifccord  0/  iuiiial  rWoci/irt. 


ofBhol. 

LeBoolcuea. 

Elertro-boUirtic 

!  ThrMd  relocimoi™. 

"^r^r 

isms 

uai.7 
imi 

Femdi. 

B»l,200 

]3i5.3 

i;i58.B 

1                1353.0 

TarUlion. 

toll™,... 

50.2 

OB.  5 

1                    M 

7              1                   8                 1                   6 

91  lerl.    UiHlanru  bclvcci 


Id  Tor  (hnad  vt^lutini 


Second  series  of  erperimeats. 


Four  kinds  of  powder  were  prociu^d  from  the  llazani  Powder  Com 
pauy  for  this  series  of  experiments,  namely : 

1.  F.  G.,  duck  size  {"  Sea  shooting  duck  "). 

2.  U.  S.  Government  musket. 

3.  Mortar. 

4.  'Savy  cannon. 

The  tests,  as  before,  were  made  by  Mr.  Hare.  They  are  given  serially 
below. 

The  coarser  grained  iwwders  were  slightly  compressed  in  putting  ui> 
the  metallic  cartridges,  which  somewhat  aflected  the  resulting  velocities 
and  pressures. 
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Beeord  of  inittta  teloeUit», 

[Suthni :  XkUoDil  ArnKiT7,  Sprinefleld.  Uoh.  Dtie :  April  30.  UI78.  Rind  of  snn :  Sprinrteld  rlSc 
AnunDnltioii :  FrepitTed.  Wviehl  of  powder :  71)  Ertina.  Ktiid  of  powder :  Huard  sample,  nwrkod 
F.  G,,  Dack  SlH.'   Welftht  or  ball ;  40S  gralna.    OlOect  of  eTperiment :  To  teat  veloci^',  preuun, 


Knmbwofahot. 

LeBonleiiBi. 

ElwlFO-ballistlc. 

Tliread  TeloolmeUr. 

Bqn»re  inch. 

I 

Fat. 

13^4 

1323.  T 

i.m9 

1ES.3 

15,700 

1330.2 

1330,3 

1328,3 

Eitrtnie  Tartatlon 
If  tan  TarintioD  ■ . . 


■  SometiiDes  raUed  "Sea  Shooting  Dock." 


DiatHDce  iK-twpen  targets  for  Le  Bonltnpe:  SSIret 
S!  feet.    Distance  between  turgcts  foi  tbread  velvcimett 


m  taken :  K.  T.  Bare. 


Ho.  S. 
Record  of  initial  relociiiM. 


Kumberofshot. 

Le  BoiJongi. 

Electro-balllsllc 

Fr«isiil«s|»c 

FM.            i 

Fttl. 

13fl3!l 

ISM.  3 

33,900 
S3,  MO 

UCT-T 

isse.s 

1302.2 

13.T           1 

23.8 

28.9 

^              1 

Z.i 

S.3 

whom  taken:  B.  1.  Hue, 
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,  Record  of  Mtial  r«Ioc<ti«>. 

[SUtion :  Natloniil  Annory,  Sprlncfleld,  Mu*.  Date:  April  30. 1S7&  Bind  of  um ;  SpiioEflrld  rifle. 
AmmutiltloD  r  Prajuuvd.  Wel^ut  of  powder :  TO  pt>^h.  Xind  of  powder:  Hu^rd'A  flSLDiple,  mftrkcd 
Mortu  Powder.  WriBht  of  ball :  40S  gImluB.  Obic ct  of  oiporliuoDt :  To  t«t  Telocity,  pnviiire,  uid 
specific  parity  of  powder.    Speciflcgravltj:  LBimi 


Kttmberofihot. 

LeBoulmet. 

Electro-lMlltaUo. 

■qo^I^^ 

• 

Fttt 
13W»,5 
1307.0 
1289.  T 
1SI3.2 

1300.! 
1322.* 

Fttl. 

24.500 
ZS.OOO 

1WI1.B 

130S.T 

130Z.B 

2S.000 

2S.S 

T7.0 

2aS 

31 

4.S 

No.  4. 

Record  of  initial  rdocilies. 

i:  AprilSO.  IHTS.    EiDdofai 
lo  gmrlty  of  powder.    f^poclAo  grarily ;  1 


tStMlon :  Kational  Armory,  SprisKfleld,  i 
Ammaultloa ;  PrepMwJ.    ATBieEt  of  powder  t  70  eisIds^  ...  ... 

NuiT  Csanou.    Weight  of  ball !  MS  grain*.    OW'ft  of  eiperimeiit :  To  Vmi  velocity,  promore,  ud 
■pedflo  gravity  of  powder.    Bpoclflo  grarity ;  LlJOOl.) 


Kind  of  powder :  B^urd'a  i 


Sumbetofahot. 

LcBouleng*. 

Elwtro-balltoOc. 

ThtMd  Tdodmeter. 

sqoareiu^. 

13.^3 

]3jo:ii 

issas 

1333!  T 

ii 

Poondi. 

29,  S«0 
27,  MH) 

1343.8 

1343.1 

1333.8 

30.4 

40.7 

33.4 

^7 

as 

t.1 

n.  Cartridge  bagb. 
{Plate  XXVnr,  Figs.  1,  2.) 

The  cartridge  baga  Brre  made  of  twilled  serge,  or  6ome  other  woolen 
material. 

The  texture  should  he  close  enough  to  prevent  tlie  powder  from  sifting 
through. 

Each  bag  is  made  of  two  pieceB,  identical  in  size  and  shape;  one  end 
of  each  half-bag  is  semicirciilar.  The  half-bags  are  cut  out  by  means  of 
sheet-iron  or  tin  patterns.  Marks  for  the  seams  are  traced  out  by  the 
QQtter. 
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The  seams  are  half  an  inch  from  the  edge.  After  sewing,  the  edges 
are  tnmed  down  on  the  same  side  of  the  seam  and  basted,  to  keep  the 
powder  from  escaping  through  the  seam. 

Two  sizes  of  bags  are  used. 

Dimeiuiom  (of  half  cartridge  bag  J. 
For  3"  giin  (Fig.  1.) 

Ureth 7.5  1».05 

Width 4.5  11.43 

For  2"  and  2".5  guns  (Fig.  2.) 

Inches.    Cenlimelen. 

Unrth 7.0  17.78 

Width 3.8  9.65 

Shorter  cartridge  bags  may  be  used  for  practice  with  small  charges. 


CHAPTER    V. 

S.VBOTS,  FRICTION  rRIUfEES,  AND  niPLESIENTS. 


(Plate  XXIX.) 

1.  Three-inch  sabots,  wood.  These  were  circular  disks  of  drj"  pine. 
Two  thicknesses  were  made,  0".75  and  0".5,     (Figs.  1-4.) 

2.  Three-inch  sabots,  Cordes.  This  sabot  is  3"  in  diameter  and  0".35 
thick.  It  has  a  disk  of  iron  placed  between  two  disks  of  sole  leather, 
the  whole  held  together  by  a  copper  rivet.    (Figa.  6,  6.) 

3.  Two-inch  salwts.  Two  kinds  of  sabots  of  this  diameter  were  made ; 
one  was  a  plain  wooden  sabot  and  the  other  a  Cordea  sabot,  similar  to 
those  above  described.    (Bee  Figs.  7-10.) 

L  Wads.  In  firing  nfle  projectiles  and  when  using  smooth-bore 
projectiles  with  the  rified  mortar,  wads  of  paper  (newspapers)  were  ustd 
without  any  prerions  preparation. 

II.  Friction  primers,  etc. 

Tlree  kinds  of  primers  were  used  during  the  experiments,  namely : 

1.  Service  friction  primer,  short. 

2.  Service  fiiction  primer,  long. 

3.  Electric  primers. 

III.  Peiming  wire. 

(Plate  XXVm,  Fig.  3.) 

This  implement  is  made  of  brass  or  steel  wire  0".1Q  in  diameter  and  is 
'".7  in  length.  *  One  end  is  pointed  and  the  other  is  formed  into  a  ring 
2".25  in  diameter. 

'  Length  9".7  in  figure,  lint  it  hue  been  fcnuul  to  b«  too  long  fur 
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IV.  Sponge  and  bammeb. 
(Plate  in,  Fig.  6.) 

This  is  a  staff  of  aab  or  elm  30"  long.  The  rammer  hea<1  is  cylindrical, 
4"  long  and  1".75  in  diameter.  The  end  for  the  sponge  is  also  cylindri- 
cal, and  is  6"  in  length  with  a  diameter  of  1".5.  The  shaft  between  the 
heads  is  turned  down  to  a  diameter  of  1".25. 

The  sponge-head  is  made  of  coarse,  well-twisted  woolen  yam  woven 
into  a  kind  of  webbed  cloth,  or  of  sheepskin  with  the  wool  on. 

The  tliickness  of  the  sponge-Lead  may  be  so  regulated  that  the  same 
rammer  may  be  used  for  the  2"  and  2".5  guns. 

V.  roWDEE  MEASUEES. 

These  are  made  of  sbeet-coiiiMjr,  Two  sizes  are  maile,  one  holding 
one  ounce  (avoirtlupois)  of  powder  (size  of  Sa\'y  cannon),  and  the  other 
two  ounces. 

YI.  Laxyakd. 

This  is  ma<le  of  strong  cod-line  or  of  Nos.  3J,  4,  or  4J  Silver  Lake  Com- 
pany's braided  linen  Uue.  A  small  hook  of  iron  wire  with  an  eye  for  the 
line  is  attached  to  one  end  of  the  lanyainl,  and  to  the  other  end  a  wooden 
toggle,  4"  long  and  0".75  in  diameter.  Tlie  lanyard  should  be  30  feet 
long.     It  is  used  for  puUtng  off  the  friction  primers. 

VII.  Combination  level. 

(Plate  XXVJII,  Fig.  4.) 

This  is  a  foot-rule  made  of  boxwoo<I  and  bound  witli  brass.  It  is  a 
combination  rule,  level,  and  octant.  A  steel  arm  which  closes  like  a 
knife  blade  is  graduated  into  degrees  fi-om  (P  to  45°.  Half  degrees  may 
be  estimated.  It  is  used  for  obtaining  elevations  of  guns  and  mortars 
when  the  chase  or  exterior  near  the  muzzle  in  cylindricaL  In  the  figure 
it  is  shown  in  xiosition  for  an  elevation  of  '3ti°. 

VIII.  Gunner's  haversack. 

(Plate  XXX.) 

This  haversatik  is  intended  to  be  used  for  carr>-iHg  cartridges,  friction- 
primers,  lanyard,  jiriming  wire,  and  tlie  coznbiwition  level.  It  is  made 
of  black  bridle-leather,  except  the  pocket  for  tbo  friction-primers,  which 
is  made  of  black  grain  leather. 

The  back,  bottom,  fi-ont,  and  flap  ai-e  cut  in  one  piece.  The  ends  are 
lineil  with  leather  to  give  tbem  the  requisite  stiffness.  On  the  inside  of 
one  end  is  a  pocket  for  the  combination  level. 

The  inside  flap  has  small  pads  sewed  to  the  ends  of  the  npi>er  part  to 
screen  the  inside  of  the  haversack  from  the  effects  of  a  driving  rain. 
Two  looi>s  are  sewed  or  riveted  to  tbe  back  for  the  reception  of  the  waist- 
belt  A  tongue  or  "  billet"  fastens  the  outside  flap  to  a  brass  button  on 
the  bottom.  Sheatbs  for  the  priming- wire  are  sewed  to  each  comer  at 
the  back  of  the  haversack.  A  waist-belt  and  buckle  completes  the  equip- 
ment.   (For  dimensions,  &c,  see  plate.) 
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Nomenclature. 

(Plate  XXX.) 

Fig.   1.  Flap,  back,  bottom,  aud  front,  one  piece. 
Fig.   2.  Inside  flap. 

Fig.   3,  a.  b.  Fads  on  inside  Sap  near  top ;  should  be  same  size. 
Figs.    4,  5.  Ends ;  lined. 
Fig.    6.  Pocket  in  front. 
Fig.    7.  Pocket  for  level. 
Fig.    8.  Lining  for  bottom. 

Fig.    9.  Slieatlt  for  itriming-wire ;  one  at  eacb  end. 
Fig.  10.  Tongue  or  billet. 
Fig.  11.  Loops  for  waist-belt;  two. 
Fig.  12.  Waist-belt  and  buckle. 
Fig.  13.  View  of  haversack,  complete. 

SoTE. — If  ma^le  for  the  service,  the  haversack  will  be  made  of  russet 
leather. 


CHAPTER   VI. 
SU0T-L1SE9. 

These  lines  are  iuteu<le«l  to  be  used  in  connection  with  a  gun  or  mor- 
tar and  a  projectile,  to  effect  commuiucation  between  the  shore  and 
stranded  vessel,  or,  in  exceptional  cases,  between  vessels  at  sea. 

They  shoitld  be  made  of  the  very  best  materials. 

The  English  method  of  faking  has  been  adopted  in  laying  up  these 
lines  for  tiring. 

Uockets  may  bo  used  instea«l  of  a  gun  and  projectile  for  carrying  the 
Une. 

The  lines  used  in  each  series  of  experiments  are  given  sex)arately. 

Section  I. — Lines  used  in  first  seeies. 

The  conlrt  or  lines  use«l  in  the  first  series  of  experiments  were  made 
expressly  for  the  United  States  life-saving  service. 

The  materials  used  were  stated  to  be  the  best  linen  and  Italian  hemp 
thread.  Tlie  conls  are  braided  instead  of  being  twisteil,  and  each  conl 
ia  ma<le  in  one  continnous  piece.  Tlie  first  four  lines  were  sent  to  the 
writer  by  Capt.  J.  H.  Merrj-mau,  United  States  Revenue  Marine,  inspec- 
tor of  the  life-saving  ser\'ice.  These  fonr  lines  are  numbered  serially 
for  reference;  the  linen  and  liemp  lines  having  a  separate  set  of  nnm- 
Ikts.  The  manufacturer's  numerical  notation,  when  given,  indicates  the 
diameter  of  tlie  line  expressed  in  3^ds  of  an  inch.  Thus,  when  a  line  is 
ilesignatetl  as  "  ^o.  7,"  a  line  /^ds  of  an  inch  in  diameter  is  meant.  The 
linen  shot-lines  had  invariably  a  smooth  finish ;  the  hemp  hues  ai)i>eare(l 
to  be  less  smooth  upon  the  exterior. 

1.  Linen  Une  Xo.  I. 

Manufoctnrer  nnknowu,  probably  Silver  Lake  Company,  of  iXewtou- 
Tille,  Masa. 
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Maker's  namber  not  given,  probably  Jfo.  7. 

Theoretical  diameter 0,21  »75  inch. 

MoosurtKl  diauieter 0.22  iiicb. 

Length 600  yan\s. 

Weight  of  lino 34  "pounda. 

WeiRlit  of  fnking-box,  Al 37  pounilii. 

Weight  of  fakiiig-box  and  line ^ 71  pounds. 

2.  Linen  line  A'o.  2. 

Manufacturer  iiDknonn,  probably  Silver  Lake  Coiiii«ny. 

Maker's  number,  Xo.  7. 

Tbeoreticul  diampter 0.21S75  inch. 

Mt'HBOred  diameter 0.  sja  inch. 

Length 600  yanlM. 

Weiglit  of  line 33  pound4. 

Weight  of  faking-box,  A  2 36.5  jHinnds. 

Weight  of  fukiug-box  and  line 69. 5  iHniuds. 

3.  Italian  hemp  line  Xo.  1. 

Manufacturer  unknown,  probably  Silver  Lake  Company. 
Maker's  uiuuber  not  given,  probably  Xo.  4J. 

Theoretical  diameter 0. 125  inch. 

Measured  diiuneter 0, 13    inch. 

Length 700         yards. 

Weight  of  liuo 16  poiindn. 

Weight  of  faking-box,  B  I 34         ponniN. 

Weight  of  fokiug-box  and  line '10         inmnds. 

4.  Itatian  hemp  line  Xo,  2. 

Manufacturer  nnkno^vn,  probably  Silver  Ljikc  Company. 

Maker's  number  not  giveu,  jirobably  So.  4J. 

Theoretical  diameter 0. 12G  inch. 

Meaanrcd  diameter ■- 0. 13  inch. 

Length , 700  yanlM. 

Weight  of  line — 13.  5  ponml*. 

Weight  of  faktng-liux,  B  2 - 24  ponud». 

Weight  of  fuking-lwx  and  line 37.5  ponnds. 

5,  Linen  line  Xo.  3. 

Tbis  small  line  was  made  especially  for  trial  nitb  a  liglit  gnu  to  a«eer- 
tain  the  maximum  range  tbat  could  be  obtaiiu'd  witbout  breaking  the 
line,  and  also  to  learn  if  so  small  a  line  would  stand  the  sbof^k  of  dis- 
charge. It  was  made  of  bleached  luieu  thread  under  the  direction  of 
Mr.  H.  W.  Wellington,  the  agent  and  manager  of  the  Silver  Luke  Com- 
pauyj  of  Newtonville,  Mass.  It  is  what  rojie-makers  term  hanl-laiA, 
that  IS,  it  is  mode  very  hard  and  compact  in  braiding  and  tiiiishlng.  It 
was  made  in  a  suigle  piece. 

Maker's  mi  ml>ei; No,  31 

Theoretical  diameter 0, 109375  inch. 

Meoaured  diameter 0-1  inch. 

Length SOO  yards. 

Weight  of  line 7,625       praind*. 

Weight  of  fjftking-box,  B B4  ponnd». 

Weight  of  fftking-bos  and  lino 31.685       ponndit. 
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6.  Timt  r«9iiir«d  for  fakUg  Ote  different  (AoMiM*. 


DMMsn. 

Shrt-Uue. 

3 

L 

r 

2_ 

Sanurk^ 

Moirth.     IhiT. 

Btoa. 

L..^rtlL 

rdi. 

JHm. 

Otlober...     IS 

Linen,  Ho.  1. 

800 

40 

A 

Lin*  in  oollt  takau  ap  by  «l>dlt>(  anraiid  hMid 

uul  ellMV  aftei  flrlng. 

u 

H«»p,N»-l 

70* 

M 

B 

LlD«  In  co<l>  token  up  bf  wfndlne  tnnad  haul 
and  eltvw  afKr  arinf(. 

!  " 

n«ii[>,Ka.l- 

zs 

B 

Llneinboii  notcurtnlDDtbTihat           ^ 

H«ii^Mo.2- 

B 

Line  in  boi ;  not  carried  out  by  abot 

2S 

H<up,Ma.a. 

B 

Ltoi^No-a, 

too        !1 

A 

Lln«ont™l'  •"            ' 

> 

Tfmlwr       4 

Hemp,  ><o.  1. 

TOO         M 

B 

Lino  bi  coiUi  wonnd  np  on  arm. 

HMnp,Ha.2. 

700         27 

Line  In  twUx;  vonnd  np  on  arm. 

.      * 

L1»£;Nd.1- 

«M        M 

A 

Line  In  colla;  woynd  op  on  am;  plm  bivhrn 

utrune. 

Unni,  TTo.  3 

SOD       2a 

A 

Lbiv  In  eolla ;  *nnnd  np  on  arm. 

S2 

LtH-iNo-l 

MM        30 

A 

Ujw  to  ™llo,  ««md  irp  on  un,  ple»  laoken 

a 

Um^KaB 

800        40 

B 

,  ^ 

IJiien.Na.S 

750        88 

B 

Uw  S^itilwonnd  on  arm:  fifty  yatda  broVrt. 
Lto.'oom.l. 

.  ^ 

Hemp.  No.  I 

7M  '      17 

B 

Uae£,Mo.a 

_^ 

A 

Une  on  i«l. 

belper  lutld  the  line  uul  of  the  m^  oi 


Section  II.  Lines  used  m  second  sebies  op  eipeeimbhts. 
1.  Experimental  ahot-Kttes. 

The  braided  shot-lines  tiaed  in  the  second  series  of  experiments  were 
nianafactnred  by  the  Silver  Lake  Company,  of  NewtonviJle,  Mass. 

The  lines  having  the  "  ordinary  finish  "  were  procured  by  the  Treas- 
iii^-  Department,  while  those  having  the  "  water-proof  finish  "  were  fax- 
uiHhed,  free  of  expense  to  the  government,  by  Mr.  H.  W.  Wellington,  of 
the  firm  of  Wellington  Bros.,  of  Boston,  MaBS.,  who  requested  that  they 
be  tried  at  the  same  time  with  the  other  lines  for  the  purpose  of  deter- 
mining  their  relative  merits. 

The  braiding  of  these  lines  is  done  1)y  an  ingenions  machine,  the  in- 
vention of  the  late  James  Amiraox  Bazin,  of  Canton,  i^oifolk  Conuty, 
Mass. 

Beferring  to  this  process  of  making  lines  or  ropes,  the  Inventor  states : 

In  tlie  nanal  method  of  makiuK  topee  it  ia  necewaTy  to  give  tfae  y&me  a  mnoh  baidfr 
tnut  tlinn  would  be  essential  for  liinding  the  aeparato  fibers  toother  in  order  to  cotti- 
jiensate  for  what  is  taken  ont  by  the  conntertwist  of  the  strand,  theruby  making  it 
netegaaiy,  in  layinff  these  strands  up  into  a  rope,  to  give  them  a  much  Larder  twiat 
than  would  otherwise  be  requlTed,  as  it  is  the  tendencv  of  each  strand  to  untwlBt  that 
kc«])8  them  all  lirml;  liound  together;  a  hanl-twiHt-tyl  mpe  necessarily  reqnlrinE  an 
eiiiiallj  hard  twist  iu  the  strnuds,  and  thereby  caueing  a  uonstaiit.  strain  upon  all  tlie 
litHTs  of  which  it  is  compOHed. 

Bat  wherp  a  soft  and  pliable  rope  is  rpi]i<ii^i  an  the  twist  in  the  stmnds  must  Ih- 
pronortionally  reduced,  the  atraudB  wlU  be  liable  to  be  thromi  ont  of  place  aud  into 
kinlu  by  careless  usage. 

To  obviate  this,  nip™  are  som«timps  mwlti  by  braiding,  which,  though  It  prevents 
the  atranda  from  being  thrown  out  of  jilace,  is  still  more  objeetiODablo,  as  the  straiidii 
in  this  case  mn  around  spirally  in  contrary  directions,  and  consequently  a  alight 
linMing  of  tbtt  rupe  either  way  will  throw  all  the  strain  upon  oa«-lia{f  the  number  of 

To  overcome  the  above-mentioned  difflcnities  Is  the  object  of  my  invention,  which 
coiuisls  in  combining  the  strands  of  any  librous  material  by  an  interlocking  twist,  iu 
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which  the  strands  all  take  the  same  spiral  form  that  th«>y  wonid  havf!  iu  a  tnisleil 
rope  of  ordioary  maniifnctiire,  and  vet  nold  catli  other  i[i  pliKe  more  eft<>ctnally  than 
can  be  done  b;  braiding ;  this  interfockin);  twist  being  formed  by  siicccsHivply  passing 
each  Htrand  around  two  others,  so  that  each  of  the  two  so  entwined  shall,  in  its  tarn, 
entwine  two  others;  and  as  the  strands  all  maintain  the  same  spiral  form  irreHpcclive 
of  the  twist  in  each,  there  can  be  no  unnecessary  strain  upon  the  fibeni  of  which  thi-y 
are  composed,  while,  under  all  circimtxtancea,  each  strand  will  bear  an  equal  amoQUI 
of  atrain  with  all  the  otheni,  and  cannot  i>o8Hihl;  kink  or  become  misplaced. 

And  my  Invention  also  consists  in  a  new  machine  for  forming  the  alwve-dcKcribpil 
iuteriockiiig  twist,  in  which  the  spools  that  carry  the  stranils  are  ho  actuated  tbat  two 
of  the  strands  are  held  stationary  while  another  is  passing  around  them,  tbprnby  inter- 
locking the  strands  as  above  descrilied ;  and  my  invention  fnrtbenuore  couiusts  in  »» 
arran){iii):  the  iiicrhaiiisDi  as  to  ]>ennit  of  its  l>oing  o)it>rut4><l  in  citlitT  direction,  as  may 
be  desired,  according  to  the  twist  in  tlie  yanis  of  which  the  Htrands  are  com^tosed. 

The  Bpool-carriers  are  alwaya  ma<le  to  ro\'olve  in  the  same  direction 
as  the  twist  of  the  strands. 

The  iuveutor  does  not  limit  himself  to  nny  particidar  uuml>erof  spools, 
provided  only  that  the  number  shall  he  a  multiple  of  three. 

The  number  of  "  travelers^  or  siHwl-carriers  employwl  in  the  machines 
for  braiding  the  experimental  lines  for  the  United'  States  Life-Saviug 
Seri'ice  were  nine  aud  twelve,  depending  npou  the  size  of  the  lines. 

2,  MateriaU. 

liinen  and  Italian  hemp  threads  were  used  in  the  fabrication  of  the 
experimental  lines. 

The  linen  yams  were  all  furnished  by  the  Suiith  &  Dove  Manufactur- 
ing Company,  of  Andover,  Mass.,  and  the  Italian  hemp  yarns  by  the 
Boston  Flax  Mills. 

In  the  process  of  braidiug,  a  core  of  the  same  material  is  sometiines 
inserted. 

The  lines  made  on  the  twelve  "  traveler'"  machines  are  a  little  firmer, 
and  the  strands  come  to  their  places  better  with  a  core ;  but  this  is  not 
indispensable,  and,  nnless  the  yam  is  harsh,  the  core  is  often  omitted. 

3.  Finishing. 

1.  "  Ordinary  finish." 

The  lines  are  finished  by  being  drawn  rapidly  twice  through  wheat- 
starch. 

The  extra  starch  is  wii)ed  from  the  line  by  passing  it  through  a  piece 
of  India  rubber.  It  is  then  passed  through  a  closely-fitting  steel  die,  two 
inches  in  length.  After  drying  a  few  moments,  the  cord  is  pnssetl  twice 
through  another  steel  die,  slightly  smaller  than  the  first.  The  latter 
operation  gives  the  cord  a  polish  and  smooths  the  exterior. 

2.  "Water-proof finish." 

The  "water-proofed"  lines  are  passed  slowly  through  a  hot  mixtnre 
of  linseed-oil,  bees- wax,  aud  parafflne  before  receiving  the  usual  fiuish. 

The  writer  is  indebted  to  Mr.  James  Tolman,  of  Boston,  for  the  above 
details,  as  well  as  the  following  tabular  statement  in  regard  to  the  manu- 
facture of  braided  lines: 
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12 

700 
700 
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AndoT««iiItwino,7p!>- 

Andavn'  Mil  twtne.  3  plv,  a  ends . 
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TOO 
7110 

eoo 
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«00 
700 

*   ■ ^ 

....do 

m- 

^i^^SvWhii...::: 

DnbleKhed 

: 

'  Tti<  maker's  nomber  indkatw  the  diuneter  of  the  cord  in  thlity^econda  of  ui  Ineb. 

5,  Dimensions,  iceighUj  tests,  dte. 

The  following  sets  of  tables  give  all  the  details  in  regard  t«  these  lineJi. 

The  two  tables  forming  each  set  belong  to  the  same  gronp  of  lines. 
Lines  Nos.  8,  9,  and  10  of  each  group  were  not  provided  with  fiiking- 
boxes,  from  motives  of  economy.  The  breaking  weights  and  "stretch  in 
NX  feet"  are  approximations  only.  The  former  was  obtained  by  taking 
sections  of  each  cord  and  carefully  attaching  them  to  two  small  grooved 
pnU^s  in  such  a  way  as  to  avoid  cutting  tiie  cord  at  the  knots.  The 
length  of  cord  between  the  knots  was  invariably  six  feet.  One  pulley 
vas  hung  from  a  beam,  and  to  a  hook  on  the  other  was  attached  a  large 
bucket  Lead  weights  were  gradually  placed  in  tlie  bncket  until  the 
cord  broke.    The  total  load  was  carefully  weighed  in  each  instance. 

Tery  small  weights  were  used  as  tiie  load  neared  the  breaking  weight 
or  stress. 

The  stretch  or  increase  of  length  of  the  cord  was  obtained  by  a  vertical 
Bcde  properly  ai^ust«d ;  an  iudex  or  pointer  attached  to  the  side  of  the 
pulley  on  the  lower  end  of  the  line  assisted  the  observer  in  following  the 
indications  and  taking  the  readings. 

In  other  respects  the  tables  are  self-explanatory'. 
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Tabi^  1. 
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Ust>ri>l. 
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■  1 

,u^ 

Bnskirg  weight 

Stretch  In  all  feet 

BmurkB. 
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KUogrmu. 
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III.  Beel  for  shot-likes. 
(Plate  XXXV.) 

It  vas  fonntl  necessary  during  tlie  Gxperimental  firing  to  have  some 
method  of  taking  up  the  lines  rapidly,  and,  at  the  same  time,  one  that 
Tonld  keep  tliein  from  becoming  eQtaagle<1. 

A  light  reel  was  designed  for  this  purpose  which  answered  all  the 
rwinirements.  This  simple  contrivance  cousists  of  a  frame,  reel,  and 
crank  of  wood,  and  of  two  wire  pins. 

The  frame  is  doTetaile<l  together,  and  has  fonr  small  D-rings  attached 
to  it  hy  bite  of  leather.  These  rings  engage  with  the  snap-hooks  of  the 
eanying-braces.  The  reel  is  comiM)se<l  of  an  arbor,  carrying  cross-pieces 
at  each  end.    The  arbor  is  retained  in  the  &ame  by  the  wire  pins. 

A  strip  of  leather  passes  over  tlie  extremities  of  the  cross-pieces  at 
each  end  to  keep  the  radial  arms  from  catching  in  the  line  when  winding 
it  up. 

IlimenRions  and  details  of  construction  may  be  seen  in  the  drawings. 
Weight  of  reel  complete,  8  pounds. 

.     rv.  Gabbting-bbaces  fob  reel. 

(Plat*  XXXVI.) 

Tliese  braces  were  made  to  carry  the  reel  and  frame. 
They  consist  of  a  waist-belt  and  a  set  of  light  cross-belte  or  braces, 
with  snap-hooks  for  attaching  the  reel-frame. 

The  oi»erator  walks  along,  winding  up  the  line  as  he  proceeds,  thus 
preserving  the  line  from  iiguries  which  would  result  from  draggmg  it 
^  thiongb  the  sand,  over  rocks  and  bushes.  (See  plat«  for  detsula.) 
'  Weight,  X  pound. 
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CHAPTER  VII. 

FAKJSGBOXES. 

Tbetie  boxcB  are  designed  for  placing  tbe  sbot-liueR  iu  position  t'lir 
flring.  The  lines  are  stowed  away  in  the  boxes  in  a  peculiar  niauiiw, 
called  "  faking."  The  method  ia  oue  adopted  by  the  English  tiir  lie 
stowage  of  their  rocket -lines. 

I.  Taking-box  a  {large). 

(Plate  XXXI.) 

1.  Description. 

[Irfnctli 36.0  -ltl.i;l- 

.?  Wiifih 19.9  =J"'>t 

(  Di'iilh ia.75  =  a!** 

tI>nK(U M.9  —f-H 

.!  wiiui. lart  -=4;.;..i 

/  Ueiitli ia.8  =-M.<.~ 


Extcninl  dimciwiotu.. 


Itit*'iiiAt  iliiovuaioiui. . 


Avpraj^  wpighl,  Miiptj' 35      »■!■'' 

Avf RtKe  wei^fJit,  with -'l)!*!!!!-!!  lini-ii liiw, Silver  Jjike  Co., Nn,  6," uliout .  Si.S  —'■*' 
Avenige  wtij-ht,  witli  "braiilwi  liiiMi  line  No.  7"- 68      =;i" 


Tills  1>0K  is  made  of  well-seasoned  white  pine.    The  faking-pin*  ;"' 
made  of  hiekorj',  and  the  ■frame  for  these  pins  of  ash. 


i,  S'omendalure  and  dimensiom. 


(  Lcnffth 

I  top /  Wiiltli 

(  TMckiieaa  .. 


...  36.0  =91.1:' 
...  19.9  =!».■•*' 
...     .M=  i-;w 


(Lcnjrth 36.0   =?111 

<  Width 12.3  =:»i.^-' 

/  Tliirkiicss 55=  1^ 


1  "  fjilse  bottom" 


t  Loneth 

^  Willtli 

(  Thickuesa  .. 


Frame  for  faMug-pina. 

i  LpiiKth 

MYidth 

/  ThiikuesB 


£  I^'iiKfli  .... 
I  Wiiilh 

(  Tliirkiipiw  ., 
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Faking-pins. 

IiirhBd.    CfDtim'rn. ' 
f  Total  lengtli 12.4  =31.495 

I  .  (  I^iiKtli 11.5  =29.209 

,.   -  )  Itmlv <  Glvatfitt  ilimiinter 1.0  =  2.540 

^  |iiii».  wimc  aiie...  <  ^  Leant  diuniettr 35  =     .flri9 

o      „         S  LfiiKth 9  =  2.286 

[^"'■'^-■iDi.m.etvr 7=   1.77S 

lI^iiKtli 6.2   =15.748 

tfi'iriiisrurniiwliaiiilkfs HniupniiW.  {  Wiilih 2.0  =  S.OfiO 

^  TllUklu-iw 1.4  =   3.556 

ih.,„n.^L.,„„„„ I  £SU :;:;::;;::;;;;:;;;;;;;;;; '":5=ta 

i  ]ia.->]iR,  iiiFtal,  for  foBti-iiiiijc  1>ox  to  fnuup. 

5.  CottstructioH. 

Tlie  sides  and  ends  are  dovetailed  togetlier  at  the  comers.  The  top 
ii«  iiaile<l  to  the  ends  and  sides  with  one-and-a-half-inch  and  »ix-]>enny 
tiiiisliing  nail».  The  cleats  c^rr>'ing  the  rope-handles  are  listened  to 
the  \mx,  one  at  each  end,  by  four  small  i^crews. 

Tlie  "  false  bottom  "  has  a  row  of  holes,  1".2  {3.0u  centimeters)  in  dia- 
mctor,  anniud  tlie  jwriineter.  Alon;;  tlie  sides  and  ends  the  centers  of 
tlicsf.  holes  are  situated  1".3  (;J.3  centimeters)  from  the  edges.  The 
distance  between  the  centers  of  any  two  coiiseeiitive  holes  is  2"  (S.08 
oi-iitimeters). 

The  sides  and  ends  of  the  fninie  for  the  faking-pins  are  put  together 
with  mortises  and  tenons. 

Along  the  sides,  tlie  c^^ntei-s  of  the  .sci-ew -holes  for  the  faking-pins  are 
iiliiced  2" ,5  ((J.35  centuneters)  fnini  tlie  outer  edges ;  tlie  centers  of  these 
liules  are  3"  (7.0a  centimeters)  from  the  outer  edges  along  the  ends  of  the 
frame. 

Tlie  distance  between  the  centers  of  any  two  consecutive  screw-holes 
is  -"'  (,"),(W  centimeters}. 

Tliese  holes  are  liorei!  and  tai)iH'd  to  form  a  coarsc-tUreaded  female 

Tliere  are  seventeen  boles  on  each  side  and  seven  at  each  end  of  both 
the  bottom  and  the  frmne,  making  forty-eight  holes  iu  each. 

Tlie  faking-pins  are  turned  in  a  hithe  iitnn  pieces  of  hickorj-  of  the 
l>roi>er  length.  The  body  is  a  fnistum  of  a  cone.  The  upper  end  is 
Klijrhtly  rouiideil  oft'.  A  coarse,  cylindrical  screw  is  cut  uiHin  the  lower 
end. 

\  metallic  hasp  which  passes  over  a  Initton  attached  to  the  end  of  the 
lios  is  fastenwl  to  Ciich  end  of  the  frame,anil  scnes  to  hold  the  frame 
and  box  together  in  transjiortatioii  and  handling. 

In  the  boxes  usually  miule  for  the  United  States  Life-Saving  Service, 
an  iron  sta]>le  takes  the  place;  of  the  ha^p,  and  a  staple  and  hook  of  the 
same  material  sn]i]ilaut«i  the  button ;  but  they  form  a  very  insecure 
fohtening.  In  handling  the  l)oxes  the  liooks  are  apt  to  become  dis- 
t'Tiicage^l  and  let  the  frame  and  Une  fall,  thus  increasing  the  chances  of 
witangling  the  latter. 

Tlie  outside  of  the  box  is  painted  a  dceji  blue,  with  narrow  marginal 
Ktrijies  of  re<l. 
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6.  Marks. 

The  letters  "  U.  S.  L.  8.  S."  are  painted  in  wkiU  upon  the  top. 

n.  Faking-box  b  (small). 

(Plate  XXXII.) 

1.  Description. 

I  LfHKtb 24.0  =60.959 

£xt«rDal  dimenwoiia {  Width 16.0  =40.639 

i  Depth 12.e  =  32.511 

(  Leiil^th 22.8  =57.911 

luternal  iliiuenBiuDS <  Wirtth 14.8  =37,R91 

(Depth 12.2  =30.937 

2.  Weight 

Lb*.  KUoo. 

Average  weight,  empty 24      =  10.886 

A veragi>  weight,  with  "liueii  line  No.  4,"  nbout 36.5  =  le.ftTifi 

Average  weight,  with  "  Uuen  liue  No.  4^,"  about 37      ^r=  16.7S2 

3.  Materials. 

The  box  and  "  false  bott«m  "  are  made  of  white  pine ;  the  faking-pins 
of  hickory;  the  frame  of  ash ;  all  well  seasoned. 

4.  Xomenclature  and  dimensions. 

Inch«.    Crntini'n. 

t  I^^ngth 24.0  =60.959 

1  top i  Width 10.0  =40,639 

(  Thickiieas 6  =    1.524 


(  LeiiRth 24.0  =60.K9 

?  Width 12.2  =30.S3r 

(  Thiekuew 6  =   l.ii24 

t  LetiRth 16.0  =40.«39 

^  Wiilth 12.2  =30.037 

(  Thickness 6  =   1,524 


(  Leiii^h 

"  false  hottoiii " f  Width 

(  Thtckneee.. 


Frame  for  faiing-pins. 

1  length 26.0  =6 

Jwiith. 


I  ThiukuegB 9  =   2.288 

1  Leuftth 17,0  =43.179 


Fatcing-pins. 
Totalleiigth 12,4  = 


Body.. 


I  Length 11.5  = 

. .  /  GrenteHt  diameter 1,0  = 
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Inchni.    Crtitlrn'm. 

i  LenKfli 6.2  =15.748 

J  clrnla  fur  rope  liamllm,  aaiuesize...  ^  Width 3.0  =   i.WO 

I  Thieknpss 1.4  =    3.556 


(  Length  . 


ilisnJlph,  Lempmpa J  Di  "mlu- 

i  1iai(;iH,  luetnl,  for  faHteiiinK  Ixik  to  frfttne. 

5.  Construction. 

The  )fenera1  constniction  of  this  box  differs  from  the  one  given  above- 
in  the  following  particulars  only,  viz : 

1.  Ill  ha\-ing  32  inBt«&d  of  48  fakiog-pins. 

2.  In  having  32  ineteail  of  48  boles  in  bottom. 

3.  In  iia^-iiig  32  instead  of  48  screw  lioles  in  frame. 

The  distances  of  the  boles,  etc.,  fi-om  the  onter  edge  of  tha  bottom 
Mild  of  the  frame,  and  from  each  otber,  ai-e  identical  in  tlic  two  cases.  The 
imiiiting  and  marks  are  also  the  same. 

yoTE, — Tbe  two  sizes  of  faking-boxes  given  aliove  are  issued  to  life- 
sanug  stations  at  the  present  time,  and  correspond  to  the  two  sizes  of 
shot -lines  istnied. 

III.  Fakisg-bos  c  (large,  square). 

(Plate  XXXIII.) 

1.  Dencription. 

t  I^nKth 24.0  =60.959 

KxtiTiiitl  iliuK-iuriouH i  Width 24.0  =60.959 

i  bt-ptli 12.(j  =32.511 

(  Lcnuth 22.9  =58.165 

■■■-■"  '  7  Wultli 22.9  =58.165 

(  Iteptb 12.J  =31.241 

2.  Weight. 

LlM.  Kflai. 

33     =14.968 

eNo.  5,"  about 57     =  25.rS&4 

3.  Materials. 

The  materials  for  this  box  are  the  same  as  those  used  for  tbe  preceding 
Iwxes. 

4.  Xomenelature  and  (Umensions. 

Inche*    Crntlm'™. 

(  r.cngth 24.0  =60.959 

Itop <Wi.lth 24.0=60.959 

^TliitkneM 5=    1.2J0 


(  I^,iiKth 24.0  = 

/Width 12.3  = 

(  Thicknetis 55= 


(  Jy^tiRth 24.0  = 

ml  [lit'cee,  same  swe <  Wiiltli . 


iTlutkiiCBS 55=    1.30 


1  "fatiic  bottom" 


(  Li>niHh 

?Wi(ItU 

/  Thickuess.. 
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Frame  for  faJci  ng-pins. 

I  Lcnptli 25.8  =  65.S3i 

2  side  pkccH,  Bftuic  size /Width 3.7  =   9.:t9H 

/  TMvkucw 9=^   2.iteti 

(  LenKth 24.75=62.1*1 

2  tuil  i'"'«ai  Homp  Him <  Widlh 4.3  =10.t«2 

^TliickucM 9=   2.2«t>  ■ 

Fakingpins. 

fTotalltngtb 12.4  =31.496 

£  I^iitttli 11.5  =29.209 

.-,    ,  I  Body <  GnBttwt  diiiniPttt 1.0=   2.-110 

411  pliiB,  siiiii.   8iic.,.<  /  LeuMt  dialucU-r 35=      .SAI 


:  s-a^fi 


(I->iiKlh 6.2  =15.T4ii 

J  Width 2.0  =   5.0W* 

^Thkkui-SB 1.4=    3.ia6 


2i..uaic.,uo,„i,„„ jiSS.,;;;:;:;::;:;:;"";.  .;=  i:i;; 

2  Uii»ps,  mi'tiil,  fur  fastoning  box  to  frame. 

IV.  FAKING-Bdx  1)  (siiinlt,  square)- 
(Plate  SXXIV.) 
1.  Datciljfthn. 

liK'hi^.   Crntinrn. 

CLciiKtli 10.0   =  40,r.;pj 

EsteninldiiiifiiHions i  Wi.ltl. 16.0    =  4n..«y 

I  Depth 12.C)    =  32.511 

(Li-uiith 14.9    =37.1^4.". 

Ititrninl  dimoiiitiiiiis /  Width 14.9    ^  37.Hr) 

(  D.-i.th 12.3    =  31.241 


'1  liuf  S",  :!i,''  aliout. . 
.1.  Materials. 


Tlie  matoriiils  for  this  box  do  not  differ  fi-om  those  of  the  pn-c 
boxes. 

4.  Xomt'iiehitiire  and  ilimemions. 

InFhPH.     C<'! 

(I,pneth 10.0     = 

1  top J  Width 1C..0    = 

niii'^l'iifsB 5    = 

I  Lcnitth 16.0    = 

2  (tide  pieces,  «nme  mzc ^  Wiilth 12.3    = 

(  Tliicknetw &j  = 

(  Lenirth Ifi.O    = 

S  end  pii'iTH,  same  size 
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(  I^nKth U.55  =  36.956 

?  Width 14.55  =  36.951! 

^  Thickuttu U    =    4.0l>4 


Frame  far  Faklng-pim. 


ilangih.... 

}  Widtli 

(  Ttaickuctn.. 


lao    =  45.719 

3.7    =    9.3;t8 

.9     =    2,ao(> 

ILenfitli 16.9    =42.925 

a- JwiiHh 4.:15  =  11.049 

/  ThickDfsa .»    =    a.awl 

Fakingpiiia. 

rTotal  length 12.4    =31.495 

(Length 11.5    =29.309 

J  Body i  Grratttit  diamcUT 1,0    =    2.540 

\                            /  Least  diouiettr 35  .8i^ 


'J  rli-Atw  Tor  rDjMi-liandles,  Haute  h 


(  Leni^th 6.2    =  15.74M 

?Width 2.0    —    5-Oeo 

^  Thickueas 1.4    =    3,&5« 


*J  haiuIlMi,  hemp  rope 

2  haMpa,  metal,  for  rHtituuiiig  Ihix  to  frunu-. 

XoTE.  Tlie  square  fekiug-boxes  C  and  D  do  not  difllT  materially  iu 
votuitruction  from  boxes  A  and  B.    Tliey  are  txiwriniciital  boxes. 
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PAKT    III. 

RECORD  OF  EXPERIMENTS. 

Tlie  exijeriraents  are  dhidwl  into  two  Reries ;  tlie  flrst  series  compris- 
ing tlioHe  matte  at  SpriiitrlieUl,  ManH.,  in  the  autumn  of  1877 ;  tlie  second, 
those  made  at  Sandy  Hook,  N.  J.,  in  the  spring  of  1878. 


CHAPTER  I. 

FIRING-GROUNDS. 

I.  FiRINa-GBOUND  AT  HPEIMOFIELD,  MASS. 

(Plate  XXXVn.) 

Confliderable  difficnlty  was  experienced  in  finding  a  suitable  firing- 
ground  in  convenient  pi-oximity  to  the  National  Armory.  The  grounds 
])088es8cd  by  the  United  States  Govennneut  afibrded  too  limited  a  range 
to  be  of  any  practical  utility.  The  government  for  its  own  purposes  nsed 
ranges  over  water  in  experimental  firing;  but  though  the  ultimate 
object  of  the  present  trials  was  to  determine  the  best  means  of  throwing 
lines  over  an  Intervening  space  of  water,  it  was  especially  andesirable 
during  these  trials  to  have  such  an  incouveiueut  obstruction  between 
the  initial  and  objective  imintH  of  the  firing. 

Some  of  the  chief  requisites  of  a  good  flriug-grouud  for  making  ex|>pri- 
ments  in  thi'owing  lines  are : 

1.  That  it  should  present  an  adequate  range. 

2.  That  it  should  be  nearly^  level. 

3.  Tliat  there  should  be  no  obstacles  to  interfere  with  the  attainment 
of  a  good  view  of  the  shot  and  line  throughout  the  trajectory,  nor  with 
taking  up  the  line  after  firing.  This  condition  rejects  a  range  over 
water  not  ouly  on  actumtit  of  wetting  tlie  line,  thereby  increasing  its 
weight  and  rendering  the  result  of  the  subsequent  shot  incomparable 
with  one  made  with  the  dry  hue,  but  also  by  increasing  the  physical 
difiiculties  of  taking  up  the  liue  and  replacing  it  in  the  faking-box. 

It  also  rejects  groimd  covered  with  briers  or  other  prickly  plants  or 
shrubs  whose  prickles  i)enetrate  and  break  off  in  the  line  when  it  is 
drawn  through  them,  thus  rendering  the  haudliug  of  the  line  both  diffi- 
cult and  painfiil. 

4.  That  the  extent  of  the  range  should  be  great  enough  to  enable  the 
observer  to  note  the  point  of  fall  of  those  shot  that  break  the  line  and 
l>a.ss  far  beyond  the  limits  which  they  would  attain  if  the  line  remaine4l 
intact,  in  order  that  the  shot  may  be  easily  recovered  for  subsequent 
use. 

5.  That  human  habitations  should  not  he  in  or  near  the  plane  of  Are. 
After  some  time  spent  in  prosi>ecting  for  a  spot  suited  to  the  object  in 

view,  one  was  selected  about  one  mile  from  the  city  of  Springfield, 
Mass.,  but  still  within  the  city  limits.  It  consisted  of  two  strips  of 
meadow-land  nearly  level  for  about  "(Hf  yards ;  the  extremity  of  the  ninge 
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farthest  from  the  gun  liavmg  the  greater  elevation.  The  ground  pre- 
sented a  very  clear  rauge  of  (W7  yards  between  the  two  tni«t«  of  timber 
land  at  its  extremities. 

The  disadvantages  were,  that  the  firing  had  t«  be  done  over  a  much- 
traveled  road,  that  the  land  closely  a^ljaceiit  was  often  occupied  by  labor- 
era,  that  the  nearness  of-  the  city  enabled  many  idlers,  especially  boys,  to 
congregate  in  the  vicinity  of  the  plane  of  fire.  The  delays  and  annoy- 
ances due  to  these  causes  were  many  and  oftentimes  very  ttoubleuoine. 
AH  the  appurtenances  of  the  range  had  to  be  set  up  and  removed  at 
each  Wsit  to  prevent  their  wanton  destruction  by  tramxis  or  thoughtless 
boys. 

No  difficulty  was  experienced  in  obtaining  the  necessary  ])ermission 
Irom  the  niunicipal  authorities  to  fire  within  the  city  limits  and  over  the 
roa<lway.  They  merely  required  that  sentinels  should  be  statione<l  on  the 
mad  to  warn  passers  by,  in  order  to  prevent  accidents. 

The  land  o<M!:npied  was  owned  by  Mr.  E.  W.  Bond,  president  of  the 
)Ia«Hacliiisetts  Mutual  Life  Insurance  Company,  and  Mr.  James  Kirk- 
hau,  president  of  the  First  National  Bank  of  Springfield,  both  of  whom 
verj-  kindly  and  generously  allowed  it  to  be  used  without  asking  for  any 
i'uQi|>ensation. 

At  the  firing  point  a  giui  platform  was  constructed  to  avoid  the  tear- 
ing lip  of  the  ground  due  to  the  recoil  in  continued  firing. 

This  platform  was  8  feet  long  and  6  ttet  wide,  made  of  2-ineh  deck 
plank  spiked  down  ujwn  4  8leei>ers.  The  sleepers  were  8  feet  long,  with 
a  cross-section  of  10  inches  square,  and  were  bedded  in  the  ground  flush 
vith  the  Burfiice.  Immediately  in  front  of  the  center  of  the  platform 
vas  driven  the  initial  stake  frY>m  which  the  range  was  measured.  The 
Qinzzle  of  the  piece  was  placed  directly  over  this  stake  in  firing.  From 
this  point  the  range  was  laid  off  by  means  of  a  taiie-line  100  feet  long; 
ani  a  stake,  with  its  dtstauce  in  yards  fix>m  the  origin  marked  upon  it, 
was  driven  down  at  100  yanls,  and  at  each  additional  hmidred  yards 
tri)m  the  initial  imuit.  Intenne<liate  stakes  were  driven  at  iiiter\'aln  of 
ii  yards  between  those  which  designated  the  lOO-yai-d  {mints.  This 
arrangement  greatly  facilitated  the  measurement  of  the  ranges  of  the 

KllOt. 

Later  a  second  range  was  laid  out  from  the  same  origin,  but  so  inclined 
as  to  clear  the  i>oint  of  the  woods,  in  whi<th  several  sliot  had  been  lost 
hy  the  breaking  of  the  lines.  This  range  was  marked  at  each  hnndicd 
yanls  by  an  api)roi>riately-inimbered  stake. 

The  ranges  were  remeasiuxnl,  to  preclude  any  jiossibility  of  error. 

To  tlie  right  an4l  rear  of  the  gun  platt'orm  was  erecteil  a  shelter  7  teet 
long  and  6  feet  high,  ma<ie  of  lU-iucli  timber,  to  screen  the  firing  party 
fflien  testing  new  gims  with  heavy  charges.  Everj-  precaution  was  taken 
to  jirevent  accidents.  The  guns  were  always  fire*!  with  a  lanyard  and 
«r\ice  primer.  When  firing,  range  flag.<i  were  placed  at  the  300,  400, 
and  500- yard  stakes,  to  mark  the  line  of  fire.  In  every  cane  the  gun  was 
jMinted  so  as  to  bring  the  plane  of  fire  to  coiiu^ide  with  the  line  of  flag- 
staves.  Twenty-five  yards  to  the  right  of  the  200-yard  stake  was  jdaced 
a  Casella  anemometer,  to  measiu^  the  approximate  surfa<'«  velocity  of 
the  wind.  This  instnunent  was  phicetl  a  little  over  fi\e  feet  fltim  the 
ground.  It  occupied  a  clear  si>ace,  removed  from  any  oltstiaictions  that 
TTouId  modify  the  velocity  of  the  siuface  current  of  air.  Tlie  direction 
lit  the  wind  with  reference  to  the  line  of  fire  was  eatimatetl  from  the  po- 
sition assumed  by  a  vane  five  feet  long,  situate<l  at  the  sAme  simt  as  the 
auemometer. 
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General  method  of  firing. 

The  practiop  HHiially  observed  in  firing  was  as  follows : 

I.  To  (M't  lip  and  align  tlie  i-auge  fiagH. 

a.  To  platM!  the  anemometer  in  ]>oHition  ami  take  the  initial  reading. 

3.  To  plaoe  the  faking-box  containing  the  line  in  position  for  firing. 

4.  To  point  the  prnn  ko  that  the  vertical  plane  tlirongh  its  axis  would 
coincide  with  the  line  of  flags  as  closely  as  possible,  • 

5.  To  cliarge  the  piece  with  a  cartridge  containing  the  powder. 

(f.  To  attach  the  line  to  the  shot  and  imwrt  it  in  the  piece.  '^ 

7.  To  give  the  proi>pr  elevation. 

f*.  To  prick  the  cartridge  and  insert  the  friction  primer. 

ft.  To  Are  the  gnn. 

1(».  To  take  the  reiwiing  of  the  anemometer. 

II,  To  measHi-p  the  niiigc.  The  distance  from  the  nearest  stake  to 
the  iK>int  where  the  shot  fell  is  mcasurod  with  a  ]>olc  ten  feet  long,  and 
then  iwlnced  to  yurda,  and  addol  algebraieaVy  to  the  nnmber  of  yaixis  on 
the  stake. 

1'2.  Tlie  deviation  of  the  sliot  to  tlie  right  or  left  of  the  line  of  fire  i.s 
mertsnreil  in  feet  with  tlie  wmne  pole. 

13.  The  Iwwing  or  drift  of  the  slack  of  the  line  fhnn  the  plane  of  fire 
at  the  3(l(l-y}irtl  stake  is  measmvd. 

II,   FiRINO-GROrND   AT   KASDV   HOOK,    N.   J. 

The  second  series  of  exiK'rinients  were  oondiictpd  at  the  ordnance 
"proving-gronnd"  at  Sandy  Honk,  S.  J. 

I'cnnission  to  iLse  these  groniids  was  granted  hy  Croneral  S,  Y,  Ben^t. 
Chief  of  Oi-dnance,  and  Col.  8.  Crispin,  constructor  of  oi-diian<;c,  lliiited 
States  Army. 

A  range  was  laid  out  ahmg  the  sandy  Itencb,  carefully  measured,  and 
marked  by  stakes,  as  in  the  i>receding  in.ttance  at  Springfield,  ilass. 

Kange  flags  were  used  to  indicate  the  plane  of  fire. 

A  gnn  ]»latform,  13  feet  square,  was  jilm-ed  at  the  firing  point,  which, 
though  it  allowed  the  fnin  and  carriage  to  nM-oil  more  in  firing,  was  a 
necessity  where  continued  experiments  are  carried  on  in  the  yielding  sand. 

A  Casella  anemometer  was  mounted  on  a  staff  .1  feet  high  and  placinl 
alxint  2«  yanls  to  the  right  of  the  200-yanl  stake,  for  the  jinrpose  of  olv 
taining  the  vehn-ity  of  the  win<l  at  the  surface  of  the  gitnnid. 

A  vane  was  plitced  at  the  same  jioint,  to  determine  the  direction  of  the 
wind  with  refeienee  to  the  plane  of  fire. 

The  veliM'ity  of  the  wind  at  an  altitude  of  about  .W  feet  above  the 
fiiii-face  of  the  ground  was  taken,  whenever  possible,  at  the  olHce  of  the 
Onlimnee  ItoanV,  a  short  distance  in  rear  of  the  firing  ])nint. 

On  a  subsequent  page  are  given  the  velocities  of  the  wind  during  the 
hours  of  experimental  firing,  as  liulicatod  by  the  self-registering  appa- 
ratus in  the  office  of  the  signal-scr^^ce  obsener. 

The  two  instruments  last  referred  to  are  Robinson  anemometers,  and 
are  by  no  mcjiiis  so  delicate  in  their  indications  as  the  Casella  air  meter 
used  tor  the  surface  velcKrities. 

In  the  tables  giving  the  results  of  the  firings,  the  long  arrow,  running 
the  whole  length  of  the  column,  marked  "  Wind,  direction,"  n^iresents 
the  intersection  of  the  plane  of  fire  with  tlie  surface  of  the  ground  an<l 
the  direction  in  which  the  gnus  wen'  iiointed. 

The  short  arrows  indicate  the  dii^ectfon  of  the  wind  with  reference  to 
this  line. 
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1.  Stfooptkal  traascrlpt  of  notes  from  the  firing  record. 
3-INCH  M.  L.  BIFLED  MORTAR — BRONZE. 


.  Rifle  jtroip 

blew  lue  t'Hp  i     ,  ^  „  .        .         ,     d 

tbe  knot,  niblH<r  tiilie.  aii<l  waolier  out  nt  tlie  Irimt  eud  of  the  shot. 


fiiig 


Then  thi^  rcsiHtiince  of  tlieline  <lrew  tliem)>Iiertiil>eHiid  kuot  bock, 
I      tlie  former  efiii):lit  nn  the  fnrwnrd  end  nf  the  nhot,  introrertinff  a 

portion  of  the  tnlie  snd  eiittin);  off  tlie  line.     About  SO  yards  of 
,      lioe  carried  ont.     Riiblier  tube  found  altoitt  l!iO  ynnle  iu  &ont  of  gnu. 
I      A  good  line-shot,  rAngint;  T£t  yards  and  Bttiking  a  tree  40  feet  from 
•      the  ground.     Projectile  i-wovered. 
RiUe  projeetile. — Tlie  cap  was  not  lilown  off,  nor  was  any  trace  of 

fca»  foniid  in  the  axial  ciiTitj-.  The  shot  and  line  mire  recovered ; 
'  tlio  rotation  of  tlie  shot  dne  to  tlie  riHed  motion  twisted  the  line 
I  btdly.  The  line  aasnuied  ft  spiral  flisifonn  nhaiie  in  ri-nr  of  the  pro- 
'■      jt'Ctile ;  tlwt  Bjiirnln  near  flip  Hliot  heing  very  sniall  atid  increasing 

HI  amplitude  with  their  diBtance  in  rear  of  it,  until  a  point  within 
I  nbont  50  yunbi  of  tlie  fiil(iiig-lH>x  was  reachi'd,  tVoni  which  point  to 
,      the  Imx  the  amplitude  of  the  s]>initH  ilecrenHed,     Tllin  tatiering  of 

the  ajiimlii  in  rear  of  the  shot  inciensed  greatly  the  resistauce  of  the 
I      air  and  tliuiiniBlied  the  range. 

I  Rifle  projectile. — Line  rariied  ont  S5  or  30  yards ;  end  appeareil  as 
!      if  bnnietl  olf ;  shot  lost.    One  xalHit  reeoreren. 
I  Rifle    projectile. — Copper-wire    rope   inteipowi'd    lietween   shot  and 
i      line,  brake.     Forty  yards  of  linn  rsrried  out.     Gas  I'litereil  axial 
I      cavity  and  stHrteil  the  brazing  of  the  cap.     Projcctilo  tutateil  aliout 

its  shorter  axis  nnd  struck  ii]ion  its  siile. 
Kilie  projectile. — The  cap  lieing  lost  the  line  wafl  knotted  ovit  a 

lead  washer  and  inserted  in  the  gun  iMiint  first,  with  two  Nabotn 
i  to  reat  upon  and  prevent  the  gaa  bnminf;  off  the  kuot.  Tlie  shot 
I      wait  tireil  Iiase  tiist,  took  the  rini'il  motion  anil  when  it  felt  tlu>  strain 

npon  the  line  it  reverwd,  Init  retained  the  rifled  motion  nuil  nn- 
I      dnlnteil  up  and  down  iu  the  tr^ectory.    The  line  was  twisted  us 

Rifle  projeetile. — This  shot  was  pinced  in  the  gnn  like  the  preceding 
I      one  nnd  Hred  baJw  first,  bnt  when  it  reverseJ  it  did  not  priK'ced 
I      point  foremnat,  bnt  oontiiiued  to  rotate  about  its  shorter  usis.     The 
rotation  of  the  slwrt  twtsteii  the  line. 
Smooth-bont  iirojectile, — The  liowiiig  or  drift  of  the  shot-line  from 
the  line  of  fire  at  the  30O-yanl  stake  was  l!»  feet  to  the  right.    The 
shol  kept  iKiint  fon-most  after  revenging  and  the  resistance  uf  the  line 
kept  it  so. 
Hiflo  projectile. — T'sed  one  wooden  and  one  Cordw  snliot.     Gas  pene- 
trated axial  cavity,  hnmiiig  oB'  the  line,  which  was  found  to  lie 
slill  burning  whi-n  eMiuiined.     Shot  loflt.     Range  unknown.    Au- 


n  trnjec 


Ing  its  whfde  flight ;  the  line  did  not  ex]icricni 


longh 


Mothcright 

t  the  3rXKyatd  stake. 
Hifle  project ile.—The  shot  was  fired  base  first.  The  bsse  was  turned 
off.ifonniiig  a  frniitnm  of  a  cone,  and  the  longitudinal  groove  for  the 
linp(aloiig  the  Hide  of  the  shot)  was  iiartiall>- filled  with  lead.  Tlie 
eseniw  of  ^as  in  tiring  cut  ont  leail.  Tlie  shot  rotated  about  its 
shorter  axis  in  the  titst  iiart  of  the  trajti'ton'  anil  kept  point  first 
I      during  the  latter  |>ai-t  ot'  its  flight,     ^liot  peii<-frnted  two  feet  into 
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3-INCH  M.  L,  RIFLED  MORTAB — BRONZE — Continued. 


the  ground  in  follhif;.     Linn  twi>t(«1  and  lay  in  Ion 
vicinity  of  the  point  where  the  shot  tttruok.    The  line  bov'i 
to  risht  ut'300-^-anl  tttakn. 

Sniootn-bore  projectile. — Line  ran  out  bpantifnlly.  Bowin| 
14  feet  to  right  of  JOU-yard  Btuke.  Ewape  of  giu  thrui 
diminixheg  range. 

Smooth-bore  jirojeetile. — Bowinft  of  line,  33  feet  to  left  of 
Htake.  Velocity  of  wind  probably  greater  than  givi-n,  i 
val  l>etn'een  readingH  in  thin  cane  was  63  minnteH,  and  th< 
iucreatiing  all  the  time.  Escape  of  gas  through  the  ritia 
the  range. 

^Smuoth-boreproiectileH. — Line  burnt  off  in  each  row 

i  Range  uncertain,  probably  over  HUO  yanU.  Both  aha 
alxiut  shorter  axis.  Faking-box  placed  9  feet  to  left  of  pti 
wiudward  side.  Line  burned  off  in  loop  in  each  caw ;  euiF 
fire  when  examined.  The  Icngtb  of  the  powder-charge 
that  it  greutly  increased  the  gas-escape  through  the  ){movi 

Smooth-bore  projectile.— Bowing  of  line,  13  feet  to  right  n 
yard  stake.  The  line  was  all  earrieil  out  and  the  enil  dc 
fcft-fVoni  the  box  towards  the  front.  Shot  pene(rat«l 
incL«M.  Rvadiug  of  anemometer  uncertain,  nut  properly 
but  result  varies  but  little  from  the  truth. 

Smoi>th-bore  projectile. — Bowing  of  line,  9.5  feet  to  left  ; 
stake,    llie  line  was  all  carri^  unt,  the  loose  end  being  i 
the  front  a  distance  of  1^  feet.    Shot  bnrled  'i  feet  in  tl* 
Projectile  rotated  about  its  shorter  axis  three  or  four  til 
first  part  of  the  tridectory.     Wind-velocity  S.2  miles  per 

Smootli-lHire  projertile. — The  shank  broke  off  close  to  ba 
It  broke  when  the  shot  reversed  and  brought  the  atraii 
shank,  which  accidentally  had  been  mmle  of  steel  instead  ( 
iron.     Sliot  lust,    AlKtiit  100  yanls  of  line  carried  out. 

3roootb-bore  projectile, — Shot  with  very  long  shnnk  (10  inc 
iug-box  to  left  of  gnn-iiUtfomi.  Bowing  of  line,  about 
right  at  300-yanl  stoiko.    Wind,  10,864  wiles  per  bour. 

SmiHith-boru  pn)jectile, — Shot  carried  away  75.5  feet  of 
which  probably  broke  nt  or  near  n  sjKit  that  had  lieeii  pi 
through  previously  by  whipping  against  edges  of  l>ox. 
covereil.     Rouge  over  90U  yanhi. 

Smoiith-hore  projectile. — Bowing,  TO  feet  to  right  at  300-< 
Shot  had  lO-iuch  sliAuk. 
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MhliB,  th«  ^an  |)HHHinc  it  ami  ctitcring  the  axial  cavity ;  thn  prem- 
Ab  ofthr  gun  iuHicle  tiii*  shot  was  mi  grcnt  that  thei  lieail  was  blown 
nff  and  lottt.     A  iiortiun  of  tbe  nbot  and  tlie  sabot  nere  recovered. 
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EEIPOBT  OP  THE  CHIEF  OF  OBDNANCE. 

1.  Syiu^tical  traiucript  of  notes  from  the  firing  record. 

Gun  a,  2  inches  calibeb. 


Liue  lirnke.  Sbut  cnmeil  awiky  S2J  ynnbi  nf  liiip.  Tlii-  ilotuchnl  por- 
tiuti  of  thti  tiiiti  WHH  iiartinllj'  i:nt  tlimu^'li  iii  two  jilacPH ;  uiioriit  or 
bi^nk  wiui  4}  .vunln  fniiu  lixitip  cud  (tir  18  .vHnU  fl-om  pnijectile),  anil 
extPiided  liuli-way  through  the  lint' ;  tlie  ofhur  w»h  a  alight  cut 
iii-arer  the  shot  and  net  so  (1e4-p.  A  Ti-w  yunli*  of  thv  liiii-  whs  fake<l 
D|>oii  thu  ((TOund  in  about  18-iiirh  li-ii)itliH.  Tlif  vibnitiouB  of  the 
luie  were  violenl,  whippinK  badly  acrom  the  edgra  of  the  box  and 
cntting  off  the  liiip.     Projectile  recovered. 

The  liowinn  of  the  line  at  the  300-yanl  Htake  was  Hi*  foot,  and  wan  a 
little  greater  at  the  40ft-yard  irtako.     Velocity  of  wind,  9.71  +  miles 

Br<>k«  linoD  line  No.  1.    Shot  Innt. 

Boning  of  the  liuo,  136  feet  to  the  right  of  the  300-yanl  atakc,  Ve- 
loeity  of  the  wind,  10.2  miles  iJer  hour.  Line  knotted  biully  by 
some  of  the  fakex  ^tipping  undi-T  others.  The  line  was  cut  half  on 
abont  20  ynnls  from  the  projectile  by  striking  the  edge  of  the  fak- 
iiig-box.  The  vibnitioiiH  of  the  line  were  so  violent  as  to  split  the 
end  of  the  liox  4  iuehra  irom  the  top. 

Line  burnt  off  by  tlanieH  of  gas  i^seajiiug  around  shnt  through  the 
winda^.  Burnt  olf  at  point  of  altaehnient  to  shot.  Projectile 
lost.  Range  over  l,0DOyanla.  Faking-hox  placed  Hiyardsinfront 
of  the  gun. 

Shot  turned  over  and  over  abont  its  shurier  axis. 

Projertile  rotateil  three  or  four  times  about  its  shorter  axis  in  a  plane 
nearly  horiztmtal  and  then  osciUated  up  and  down  during  the  re- 
mainder of  itn  flight,  keeping  its  tiead  or  point  to  the  front. 

Wind,  light  and  varialile ;  i-lianging  direction  often. 

A  knot  in  the  line  from  the  fakes  slipping  under  each  other  and  loop- 

Boirnig  of  line,  34  feet  to  the  left  at  the  300-yard  Htake.     The  bore  of 

the  gnn  noticed  to  lie  slightly  enlarged. 
Bowing  of  the  line,  22  feet  to  the  left  at  the  300-var(l  atake. 
Bowing  of  the  line,  54  feet  to  the  left  at  the  300-yanl  stake. 
Bowing  of  the  line,  67  feet  to  the  left  at  the  300-yanl  atake. 
Italian  hemp  line  No.  S.    Broke  near  box.    No  line  carrietl  out.    Prnli- 

able  range,  over  750  yards.    Projectile  rotating  abont  shorter  axis. 
Same  remark  aa  pruceiiiug  shot. 
Linen  liuo  No.  3.     Bowing  of  line,  50  feet  to  the  left  at  the  SOO-yard 

Bowing  of  line,  S3  feet  to  the  right  nt  the  300-yard  stake.  Elevation 
of  jnece  too  great.  Trajectory  too  high,  re<iiiiring  more  line  than 
wan  neeeaaary  for  the  range  attaine<l.  The  reaiatance  of  the  air  on 
the  falling  line  wax  so  great  that,  when  descending,  the  projectilu 
appeared  to  fall  almost  vertically  for  quite  a  distance. 

Line  broke.     Projectile  lost. 

Line  (linen  No.  1)  broke.  Initial 'velocity  of  projectile  too  great. 
The  rapidity  of  vibration  of  the  rope  in  mnnmg  from  the  faking- 
box  waa  so  violent  aa  to  knock  out  the  upper  part  (4"  wide)  of  one 
end  of  the  box,  though  the  comere  were  dovetailed  together.  The 
fakoa  in  the  roiie  were  too  long  to  l)c  used  with  projectilea  having 
ench  gn'at  initial  velocity  an  this  shot.  The  aahot  (Conies)  was  a 
failure,  the  gas  passing  it  and  entering  the  aiiial  cavity  ;  the  prewt- 
ure  of  the  gas  inaide  the  shot  was  so  great  that  the  bend  was  blown 
off  anii  lost.    A  jiortion  of  the  shot  and  the  sabot  were  recovered. 
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BEPORT   OF  THE  CHIEF  OF  ORDIfANCE.  1.'73 

1.  SgHoptieal  tranaorift  of  notet  from  the  firing  record. 
Gun  a.— 2.5  inches  caubeb. 


Sov.     a7  I  11 


No  remarks. 

Line  broke;  Bhotonrrledaway  Mfretof  liDt>;  bUoI  recovered.    Rnuge, 

over  900  yards, 
Foity-sii  feet  of  linen  line  (No.  1,  (tiameter  (y.-Hl)  tied,  one  end  to  shot 

■Dd  the  other  to  the  Italian  hemp  line  So.  1,  to  reeeivK  the  first 

shock  of  discfaartci^-     When  Ar»d  the  knot  eame  loose  xrith  n  uoise 

like  the  explosion  of  a  friction  primer. 
Thebowingordriftof  the  line  &oni  the  line  of  fire  nuB  110  feet  at  the 

300-.vard  stake. 
Linen  line  No.   1   cnt  off  at   IIS  feet   from  the  shot  by   whipping 

aKstust  the  edf^  of  a  slifjht  notch  iu  the  side  of  the  fakiiij^-uox ; 

shot  and  sttocheil  portion  uf  line  recovered.     Range,  over  90i.i  yards. 
Bowing  of  line  at  300-vard  stake,  71  feet. 
BowlDg  of  line  at  300-yard  stake,  S4  feet. 
New  braided  line.  "X'o.  3i  linen,  blenched."    Deviation  of  line  f^om 

Slane  of  fire,  75  feet  at  aoo-yaid  stake  and  60  feet  at  400-yanl  stkke. 
bant  775  yard*  of  line  carried  out  of  box,  Si:c  knots  fnand  iu  line; 
tfaese  were  email  loops  fonned  by  some  of  the  fakes  slip^iiiif;  under 
others  and  being  drawn  into  a  knot  1)y  the  rapid  vibratioiiM  of  the 
line.  The  projectile  penetrated  two  feet  into  the  KTonud.  The  eon 
and  bed  tnmed  iiimAe  down  after  sliding  ftom  the  platform,  dna 
to  the  surface  nf  the  latter  being  6  inchM  above  the  ground  in  rear 
of  it. 

Line  broke;  shnf  carried  awaA- 27.5  yards  of  line.  A  BtnaTTknot  ftnuld 
20  yards  from  projectile.  The  range  was  about  1.000  yards,  deviat- 
ing slightlv  ti)  the  left  of  the  line  of  fire.  The  shot  struck  a  tree, 
breaking  the  shnnk  aS  at  the  heginuing  of  the  screw-thread ;  both 
abut  ana  line  rei-uvered.  The  shot  and  attached  piece  nf  line  de- 
scribed an  undiilatury  path,  in  a  vertical  plane. 

Line  broke;  shot  carried- away  21  yanls  of  line.  The  line  (the  de- 
tached portion)  was  fonnd  to  be  nearly  cut  through  at  13  yards'  dis- 
tance fitiui  the  shut,  probably  due  to  a  knot  which  pnlleil  ont  before 
the  line  was  nevered ;  a  small  knot  was  found  2U  yanls  from  shot. 
The  riiuge  was  a1>out  40  yanls  greater  than  the  preceding  "hot ;  the 
deviation  was  slightly  to  the  nght ;  the  projectile  rotated  horizon- 
tally about  its  sh<irtrr  axis. 

In  this  and  the  preceding  csne  the  frayed  ends  of  the  broken  tine  were 
1".5  long.  ni>]ienrinK  as  if  combed.  This  leueth  (t".5)  was  greater 
than  any  hitherto  fomid  to  occur  with  any  tine  used ;  the  braide<I 
lines  having  nsnally  broken  shandy  «ff  without  leaving  the  ends 
frayeil  more  than  a  fraction  of  an  inch.  Several  knots  were  also 
fonud  in  ditt'erent  parts  of  the  line.  The  faking-l>ox  testified  to  the 
violent  vi)>ratious  of  the  line  in  nmninic  out,  by  the  iiideutations 
made  in  the  edges,  sides,  and  ends  nf  the  box  by  the  line.  From 
these  facts  it  would  amiear  proliable  that  some  of  the  fakes  caught 
each  other  and  loo]>ed,  and  were  drawn  shnr)>ly  against  or  acnws 
the  edge  of  the  l>ox,  forming  a  knot  whose  resistance  was  sufficient 
to  cause  the  sevemnee  of  tlie  line. 

Line  drifted  353  feet  to  left  of  plane  of  fire  at  4nO-ynnl  sTike.  All  the 
line  ("51  vanls)  was  carried  ont.  togetlier  witli  part  of  piece  of  old 
line  (ty.ii  in  diameter)  which  had  been  attache<l  to  the  shut-line. 
Tlie  shot  in  the  lust  (Hirtion  nf  the  trnjectoiy  fell  in  a  line  cliwely 
ajniruaehiug  a  vertical :  in  fiict.  it  anpeiired  fnun  the  firing-point 
as  if  suspended  by  the  line.  After  the  projei-tile  hail  pnssiil  over 
about  one-half  of  its  descent,  the  light  line,  bcconiinj;  slack,  was 
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274  BEFOBT  OF  THE   CHIEF  OF   OfiDKANCE. 

1.  Synoptical  tranacript  of  notes  from  the  firing  record — Continued 
Gux  A.— 2.j  INCHES  CALIBEB — Continued. 


trajectory  ivas  much  greater  tbau   tlu 

gruuiiil.  Six  Munll  kiintH  »r  IrHiiw  \ren  I'uuud  in  tho  line.  The 
great  Ixiwiag  of  the  line  was  dne  to  ita  li)(Uti)eM<,  the  tujch  aiielp 
of  elevation,  the  velocity  of  the  wiud  high  almve  the  wirt'ace  of  tli* 
iilnin.  aiid  the  fact  that  n-heu  the  ehut  Was  deDceudiuj;  there  n-ns 
little  or  no  lon^tiiiliual  Htraiu. 

Liue  broke ;  shot  cai-rieil  away  37  yards  of  linen  linp  No.  2 ;  both  re- 
covered, Fsking-ltOK  IN  too  lou«  tor  iisf  with  this  iuitiat  velocity 
for  projectile.  The  vilimtioiiH  of  the  liue  were  very  violent ;  the 
iHix  showed  iudentntions  where  the  faked  loojis  had  lieen  snak  into 
the  woimI  by  the  wliiiiiiinK- 

With  six  onuces  of  Hazard  uiufiket  jiowder  the  base  of  the  projoetile 
(L.  3),  experimeutal  So,  11,  was  flush  with  the  face  of  the  muzzle. 

Shot  carried  awav  iW  yanU  of  liue  (Italian  hemp  Xo.  2). 

Linen  line  No.  2:  The  line  bowed  fe  feet  to  the  left  of  the  300-yard 
Btake.  This  line  was  faked  in  the  small  boxes  "B,"  filling  two  of 
theiu.  By  placing  in  this  size  1h>s  the  amplitude  of  the  lateral 
vibrations  is  mnch  diminished. 

Italian  hemp  tiue  \o.  S :  The  bowing  measured  at  the  300-yard  otake 
was  134  feet  to  the  left ;  angle  of  elevation  too  great  for  the  wiud 
that  was  blowiug. 
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REPORT  OF  THE  CHIEF  OP  ORDMaKCE. 

Sgnoptieat  transcript  of  notes  from  the  firing  record. 

Gun  a. — Calibee,  3  inches. 


Italian  hemp  line  N".  4i  empriert  into  a  piue  parkiug-lioz  liefoM 
firing.  Lateml  vibrations  of  liue  anttlcient  to  irMk>«-n  the  nailR  in 
iMrtli  ends  of  I>oy.  Euil  of  line  fonnil  iu  crack  lietween  end  aud  side 
of  lioi.  The  lin»  ^aa  proliably  cut  oH'  l>y  beiug  ilrawu  viiilentlj 
acroHB  8hnT|i  coruera  auil  throiiirli  the  crack — iinoertnin,  may  have 
been  biokeu.  Shot  caut{«d  cliW  vurds,  carrying  'Z!  yarda  of  line 
with  it. 

Bane  of  projectile  flush  irith  the  face  of  muzzle.  Vihrntionn  of  line 
knocked  the  bottom  and  euil  out  of  the  taking-box  (A). 

Line  (hemp  No.  T)  broken  Biiuarely  ntf.  tjixteeu  yanUof  line  left  at- 
tached to  shot,  which  Htrnek  thegrunnd  H--^  yanhi  fi-»m  the  pii-re.  The 
vibrations  of  the  line  split  the  end  and  side  of  the  fakiiig-lx)!  (A) 
intn  4  or  5  pieces.  The  two  friking-lioxes  n1>ove  ineutiouod  were 
Tendered  nseless  tor  further  service  In  tmns^rarting  lines. 

N'o  remarks. 

LiDe  (hemp  N'o.  10)  emptied  into  the  two  faking-lxiies  (A)  mentioned 
ill  rounds  3  and  3.  [These  boxen  will  be  referreil  to  in  following 
shots  as  "old  fakiug-box  A."  &.i\  They  were  nsed  (or  at  least 
one  of  them)  until  the  14thronnd  to  avoid  breaking  up  new  boxes.] 
Bevel  on  rear  end  of  shot  extended  beyond  face  of  piece. 

Line(Ko.d)emptiedinto2old  faklng-boxea  A.  and  part  left  in  box  B. 
Half  of  b«rel  at  base  of  shot  exjioBed  Iwyond  muzzle  of  niece. 

Line  (No.  9}  pnt  in  i  old  fakiug-boxea  A  for  tiring.  Half  of  bevel  on 
Tear  of  shot  exposed. 

Line  in  one  old  box  A.     Base  of  shot  flush  nith  muzzle  of  piece. 

Line  (No.  10)  in  2  old  boxes  A. 

Line  (No.  B)  in  3  old  boxes  A.    One  electric  primer  failed  to  explode. 

LiDe(No.  7)  in  1  old  box  A.  Could  not  tell  whether  the  line  was  cut 
on  the  broken  box  or  was  broken  by  vibratiotts;  35  yards  of  line 
carried  off  by  shot.    Range,  704  yards;  deviation,  5  yards  to  right. 

Line(No.  7)inloldbos  A. 

Line  (No.  6)  in  1  old  box  A.  The  gun  was  probably  not  point«d  prop- 
erly by  the  assistant.  The  line  caught  ou  the  broken  end  ot  the 
box,  which  DiaT  have  chnuged  the  direction  of  the  shot  sotoewhat, 
hot  not  enough  to  account  for  the  marked  deviation  of  the  shot. 
The  box  was  ou  the  right  of  the  guu.  From  the  insigniticant  dif- 
ference )>etwe«u  the  deviation  of  the  shot  and  the  "  drift,"  as  meas- 
ured from  the  300-yard  stake,  the  writer  is  inclined  to  the  opinion 
that  the  gun  was  not  properly  noiuted.  The  assistant  did  not  recol- 
lect whether  he  veriUed  the  alignment  of  the  gun  or  not. 

Line  (No,  5)  in  1  old  bi>x  A.  In  the  nlwve  cases  the  line  was  emptied 
from  their  own  faking-boxes  into  those  designated  in  thit  transcript 
of  remarks.     Wind  at  office  at  end  of  t4th  round,  30.1!  miles  per 

Line  put  in  tray  before  firing.  Tlie  line  (No.  9,  linen)  was  ftred  from 
the  coil  as  received  from  the  manufacturer.  The  line  ruu  out  in  a 
fusiform  helix,  each  eoil  putting  one  twist  in  the  line.  For  this  and 
the  suliseiinent  rounds  tlie  Ca»rlla  air  meter  for  ilelenuiuing  tlie 
surface  velocity  of  the  wind  was  placeil  50  yards  in  front  of  the  guu 
instead  of  300  yards  in  front,  as  liefore. 

Line  emptied  into  tray.     Nearly  all  of  the  tine  carried  out. 

Line  emptied  into  tray.     Three  tiers  of  fakes  left  iu  tray. 

Line  emptied  into  tray.  Line  broke  18i  vards  ou  shot.  Projectile 
rotated  about  shorter  axis ;  shank  slightly  twnt  when  shot  struck 
the  ground.     Range,  930  yards. 

Line  emptied  into  tray  before  firing. 
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276  BEPOBT  OF  THE  CHIEF  OF  OKDNANCB. 

1.  Synoptical  transcript  of  notes  fr<mt  the  firing  record — Continued. 
Gun  a.— Caliber,  3  iNCHEa — Continued. 


Line  «mptie<l  into  trny  lirfnre  tiring.  Id  fskinn,  about  a  doien  colli 
hftd  b^n  plflml  in  tlie  bottom  ot  the  box  b«fnrp  proceeding  vilh 
the  fskinx;  wben  tvhAj  to  lire,  tfaew?  loom  coils  n-ere  on  top  t4 
conntp,  nnil  not  being  falied  in  Hniall  leTigtbs,  nllowed.  excewira 
amplitade  of  vibration  nt  the  iDHtBnt  of  difwharge.  The  line  bmki 
ihort  off,  not  even  talcing  out  «11  the  coils.  The  fakes  below  urn  i 
uniliHtiirbed,  Range  of  shot,  930  vanU,  canring  61  yarda  of  liii« 
with  it.  j 

ray  l>elbre  flring. 
tray  before  firing,  in  three  lots.    [Wm  faked  in  thna   i 


Line  pnt  in  I 
Line  put  in 

Line  pnt  in  1 
Line  pnt  ii 


beftne  firing;. 

J  bf  (ore  firing.     The  abore  24  ghota  were  fired  witb   ) 
-'  electric  primers"  for  eouTenience. 

Fired  on!  to  sea.     Estimates  of  range  made  in  this  and  three  snO'   I 
eroding  shots  by  i  different  pereuns,  all  accnstomed  to  estimatiol   ^ 
distances  on  the  water.     The  recorded  range  (3U0  ;rards)  ia  beloii 
all  extiinated  range*  given,  so  as  to  be  sare  to  Ml  within  the  limit!   i 
of  troth.     The  writer  places  little  faith  In  estimated  distances,  m 
tbey  generally  are  -ver?  Inacontste,  espMiialljr  upon  water. 

Fired  oat  to  sen.  Line  wet,  rongh.  Miff,  and  corered  irlth  sand.  It 
lay  in  loose  coils  on  the  beach  where  it  had  been  hanled  in  "hand- 
over-hand "  throngh  the  water  and  sand.  Action  of  the  line  PKtt| 
good;  a  few  snarls  were  seen,  hat  they  were  very  small.  Sali|l 
variously  estimated  from  875 1«  900  yards  by  those  present. 

Fired  out  to  sea.     Same  line  hanled  in  and  placed  OB  the  sftnd  in  tvt  j 
loose  ooils.     Line  wet  and  sandy,  kinked  badlv.     Range  varioiu^ 
eatimated  from  180  to  375  jaids ;  recorded  as  betrcettt  160  and  S(S  'i 
yards. 

Fired  out  to  sen.    Line  hanled  in  and  placed  in  one  coil  on  the  brack 
All  kinks  or  snarU  removed.     Action  of  line  very  good,  no  niarl&  i. 
ERtimated  range  t'abont  tame  aa  last  shot,"  bnt  recuided  aslTt 
yarila.    Alisorption  of  water  by  tb«  line  evidently  tells  more  or  lets  '- 
npon  the  range.  r, 

"Ser^-ice  prinierH,  long."  nsed  for  last  fbnr  shots.  The  same  lint 
(Italian  hemp  So.  H)  and  projei' tile  were  nsed  in  firing  the  fnnrshutl 
tn  s>ia.  Heavier  charges  of  powder  would  have  been  used,  but  nxM 
heavier  happened  to  bv  at  hand  at  the  time.  The  object  of  the  Hhot  ' 
was  more  to  witness  the  action  of  the  line  when  wet  and  sstkI] 
than  to  obtain  any  definite  range.  Action  of  gun-carriage  on  xauilj 
beach  very  good.  '-' 
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EEPOBT  OP  THE  CHIEF  OF  OBDKANCE. 


1.  Syvoptical  transcript  of  notes  from  the  firing  record. 
Gt'N  B. — Caliber,  2  inches. 


1  For  thU  nnd  the  foiir  Burcpeding  roiinda  the  Rmooth-hore  bronze  gnu 

B  watt  uivHiitt^  uiKin  a  block  of  wood  weigliiu);  4^  i>niia<la.     Itauou 
I      hi-uip  line  So.  :H  broke  tlose  to  tlw  shot,    ftotectile  ranged  otbt 
TOO  yanls,  nnil  van  lout  in  a  wooded  tract  of  Inud. 

2  ;  Shot  had  no  rap  and  was  placed  in  the  eim  with  Us  base  towanl  the 

muzile.     One  -J-iuch  wooileu  »al>ot  nsed.    A  gooil  lin«  nhot, 

3  No  cap  on  slioti  one  salwit  used:  bniw  of  shot  towsnl  mnizle.    Abont 

I'HI  ifaTdit  of  old  linen  line  {diameter  0".S2)  used,  l>etireeu  the  shot 
I  and  hemp  line  No.  3},  to  receive  the  first  sliock  of  the  digchBise. 
!  The  large  line  broke — probably  bnrued  off  inside  the  aliot  hj  ue 
I      gas  irhich  entered  the  axial  cavity. 

4  I  Lead  projectile  "uiwet"  slightly  by  the  shock  of  discharge.  Only 
I  one  rotation  of  shot  nl>ont  sliorter  axis  could  be  detected.  Flight 
I      of  shot  and  action  iu  the  trajectory  excellent.     Bore  of  gnn  found 

to  lie  "leaded."  dne  to  the  upieltiilgof  the  shot  and  the  conseqQent 
frietion. 

5  Same  projectile  nsed.  It  had  iirobably  lieen  lient  slightly  Itv  striking 
!      the  ground,  and  had  to  be  filed  a  little  in  onler  to  enter  the  bore. 

6  Velocity  of  wind  18.18  miles  per  hour  as  indicated  by  a  Roblnsoa 
!      aueniometer  upon  the  nrdoauce  office  at  Sandy  Hook.     This  instru- 

lueut  was  alKiut  50  feet  above  the  surface  of  the  ground  and  300 
yards  ftom  the  flriufc  point. 

7  :  Telocity  of  wind  l.")  miles  jwr  hour  by  office  nnemometer  Just  l>efor« 
I  experiments  began.  Ba.se  of  shot  tlusli  with  the  face  of  the  miuzle 
I      when  the  givn  was  loaded.     Wind  variable. 

S     Base  of  shot  llusb  with  face  of  piece.    Wiud  almost  calm  at  instant 

of  firing. 
9  I  Base  of  shot  fliuth  with  face  of  piece.    TViud  increaDiug. 

10  Base  of  shot  flunh  with  face  of  pieee. 

11  Base  of  ahot  flush  with  face  of  piece.  VibratioDS  of  Uue  started  the 
i      dovetailing  iu  end  of  faking-bos. 

Base  of  shot  Sush  with  face  of  pieee. 

Base  of  shot  flush  with  face  of  piece.  Powder  charge  compremed  in 
loading.  '^Vind  at  office  12.4  to  13.9  miles  to  20  milefl  i>er  hour  as 
taken  within  10  minutes  after  round  13  was  flred,  from  the  anemo- 
meter on  the  building.  Wind  very  variable  during  the  whole  fore- 
Base  of  shot  flush  with  face  of  piece.  Projectile  rotated  about  its 
shorter  asis  throughout  the  greater  part  of  the  trajectory.  Vibra- 
tions of  hue  No.  3^  started  dovetailing  of  box  D  on  side  next  to  the 

Beiulings  of  Caselta  anemometer  not  taken  at  200-yard  stake — no 
time.  Direi-tion  of  wind  variable  within  siuall  azimutlia!  limits — 
penersl  direction,  '"bead  wind."  Velocity  of  wind  at  office  (Rob- 
msou  anemometer,  elevation  about  50  feet)  varied  from  13  milea 
to  24  miles  per  hour;  wind  came  in  gusts;  weather  damp,  and 
showery  part  of  the  time.  S.  L  Kimball,  general  superintendent 
Umte<lStatesLifc-Saviu^Service,audCapt.  J.  H.Merrj'man,  United 
,  States  Revenue  Marine,  inspector  of  that  service,  both  present. 
21  Fired  directly  against  the  wind  ami  out  to  sea.  Line  either  cut  on 
bntton  of  box  or  broken;  ap]>eared  to  be  cut;  uncertain.     Shot  loot. 

23  !  Fired  out  to  sea  directly  againM  wind.  Bange  estimated  by  thone 
I      preseut  to  be  from  400  to  4^0  yanU;  true  range  unknown;  lowest 

estimate  inserted  in  table.     Velocity  at  office  20  miles  jht  hour. 
33     Beading  of  auemometer  uncertain ;  probably  too  gieal.    Shot  rotated 
I      several  times.     Line  in  tray. 

24  Line  emptied  into  tray  before  firing.  Shot  rotated  in  horizontal 
I      plane. 

25  Line  emptied  into  tray  )>efore  firing. 
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BEPOBT  OF  THE   CHIEF  OF  ORDHAKCE.  279 

1.  Synoptical  traiuenpt  of  notes  from  the  Jinng  record. 
Gun  C. — Calibee  2,5  mcHES. 


1    Readine  of  tuiemomeMr  nncertAin,  instrument  not  levelecl.    The  khu 
waa  AiBchnrgeil  bj  meauB  of  "  service  Mction  primets,  short,"  uom 
the  1st  to  the  6tb  ronD<1,  both  inclusive. 
Anemometer  readioK  ancertain. 

3  Gnn  probabljr  aimed  to  the  right. 

4  No  n-morks. 

5  No  remarks. 
G     No  remarks. 

7  ;  "Servife  primer,  long;"  one  failed  to  esplode.  These  primers  were 
I  used  from  the  7th  to  SOth  round,  both  inclusive.  Lanyard  used  in 
I      connection  with  these  primers. 

6  I  A  couple  of  fakes  caught  and  knotted. 
"     Two  small  knots  in  liue. 

One  large  knot ;  fakes  got  looped  over  each  other  and  carried  out  a 
long  knot.  Velocity  of  wind  15  miles  per  hour,  by  instrument  on 
top  of  ofllce  (about  50  feet  above  the  ground),  distant  about  SOO 
yards  from  liriug  point. 

No  remarks. 

Yibrations  of  line  split  the  end  of  the  takiug-boi  nest  to  the  gun. 

No  remarks. 

No  remarks. 

Velocity  of  wind  18.95  miles  per  hour,  by  instrument  on  office. 

.     .  i  .—  -' 

I  Two  knots  in  jiuq,  uuo  auiau  niiu  uuq  jui'^e  ;  iniweH  CHiigui  i 
'  One  large  knot  in  line;  faalt  of  man  who  faked  the  line. 

Loosened  end  of  faking-tiox.  Line  whipped  out  in  knots,  but  all  the 
knotii  came  out  while  the  line  was  in  the  air. 

Lin^  No.  3}  (Italian  hemp)  broke  near  the  knot  where  it  was  tied  to 
linen  line  No.  7.  A  piecu  of  new  linen  line  No.  7,  150  yards  iu 
lennh,  was  fastened  to  ths  shot  to  receive  the  tirat  shock  of  the 
discharge,  and  the  other  end  was  made  fast  to  Italian  hemp  line 
No.  3^.  The  small  line  broke,  and  the  shot  ranged  550  yards,  carry- 
ina  the  150  yards  of  heavy  line  with  it.  The  shot  fell  90  feet  to  the 
left  of  the  plane  of  fire.  A  careful  examination  of  hemp  line  No. 
3^  disolosed  the  fact  that  it  was'qnite  brittle  in  fiber,  hsrsh  to  the 
tonch,  and  that  it  could  be  broken  easily  by  using  the  hands  alone- 
Dipping  the  line  in  water  increased  its  tensile  strength  very  much. 
The  fiMrs  of  the  Italian  hemp  appeared  to  be  so  brittle  that  the 
smallest  lines  made  from  it  are  almost  worthless.  Commenced 
using  "electric  primers"  with  tliis  round. 

The  aame  piece  of  linen  line  (150  yards  of  No.  7  line)  used  in  above 
round  was  tied  as  before  to  a  No.  31  linen.  Either  one  of  the  lines 
broke  at  the  knot,  or  else  the  knot  slipped  and  came  untied.  There 
was  nothing  in  the  appsarance  of  the  ends  of  the  lines  to  indicate 
which  had  actually  occurred.  The  shot  with  the  large  line  attached 
ranged  541|  yards,  and  fell  6  feet  to  the  left  of  the  plaue  of  Are. 

Velocity  of  wind  at  office  (elevated  anemometer)  13.61  miles  per  honr. 
The  ^ot  carried  out  all  the  line  (linen  No.  3i),  the  end  being  found 
30  yard*  from  the  faking-hox.  There  were  seven  kinks  found  in 
the  line,  two  of  which  were  i>rettj  bad  ones. 

Une  (Italian  hemp  No.  4^)  broke  ;  cause,  lateral  vibrations  and  brit- 
tleness  of  fibers.  Shot  carried  awav  30^  yards  of  line.  Rnuge  of 
— njectile,  907  yards;  deviation  from  plane  of  fire,  60  feet  to  the 


e~ 


Velocity  of  wind  at  office  15.93  miles  per  hour. 
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280         BEPOBT  OF  THE  OHIEF  OF  OBDHANCE. 

1.  Synoptioai  trantcript  of  notes  from  the  firing  record — Coutiuued. 
Grs  C. — Calibbb  2.5  mcRES — Coutiuued. 


Slartpil  tlic  ilni-eliiiliiit;  of  fnkiD)t-lmi  C,  uenr  tbe  tip,  nii  tbp  mAi 
uriirest  to  the  gaa-     TliU  liox  linil  ou«  but))  liiuki'ii  ill  traiiopuni- 
liiiii.    The  bi'aMt  liinge-|iiti  bail  Imn-ii  riveted  too  tightly. 
Xii  n'liinrkH. 

Itnliiiii  liciiiji  liiiP  Xo.  7.  Thp  line  liroki'  nqiutelj  nff.  leavinB  V  frrt 
ntliifbi'il  111  the  nhot.  Thr  violi'uoc  of  ths  iii>-aml-ilonii  Tilirationt 
of  the  line  nus  Hiiltic-iHiit  to  H|>lit  the  bottuu  of  the  fukuig-liot 
Knugr  ofHliiit.  nlnut  1,11)0  vnnb. 
BmkK  enil  of  fHkitig-hoK.  Vrlwity  of  wind  at  office,  from  obsorrs- 
tious  tiro  iiiiuiiIeM  aiHUt,  vraa  :il.ii  niilm  huiI  3()  miles  jht  txma. 
Five  miuuti-H  after  shot  wkb  flreil,  surface  velocity  of  wiud  vm  iS 
I      f<-i't  niul  31.C6  &et  (ler  mhouiI. 

'iiiii  Kii»tj'.  Divpctiouof  wiiMlC'si.le  wind")  cRiviFd  thebuetodrifl 
liiidly  toimeiiiileot'tbe  iihuie of  fire.  A  HtniDg  rear  or  8iii<  wiini 
nlloiVH  the  inTiJertile  to  move  more  ov  le*i  Niilewise,  thus  exposine 
iiiuie  nnrface  to  tbe  action  of  the  air,  and.  coiiiteiiiiently,  iiiereaaiue 
the  iv^iHtaiice  of  tbe  nir  aud  diiuiuinbiui^  the  range.  With  a  itinnj! 
bi'ad  wind,  the  Hlraiu  of  the  line  ujion  the  oblnng  projectile  siipen'* 
to  keep  the  point  up  and  to  extend  the  runtie  mimevrbat.  Diiriat 
one  honr  the  velocity  of  tbe  wind  was  taken  at  equal  intervaU  ai 
the  otttre  {anemometer  .^1  feet  aliove  the  (crouiid)  with  the  follnit- 
iiiB  serial  l-esiilts,  viz :  11.54.  19.0,  IT.4T.  31.16.  aj.Sfl,  ifci.S,  »"■ 
I'J.'^.  ll.i«.  le.I,  24.3.  ia..j.  24.G,  23.5.  311.5.  afi.4.  aud  22.5  liiile»]*r 
hour.  In  round  So,  33.  Italian  hemp  hue  No.  4.  "  niiliuary  liui»ii.' 
drilled  m  far  to  tbe  left  that  it  fell  iuto  the  salt  water.  Tbe  eiacl 
'■  drift '"  could  uot  lie  uieaHuretl.  hut  was  a  little  more  tliw  "J 
yariln.  The  hue  caught  on  an  olil  jetty  uuder  the  water :  two  mfo 
pulling  ou  the  wet  liue  could  uot  break  it,  though  each  of  then 
t'Bik  n  couple  of  tuniH  aivniud  bia  anu  aud  placed  the  liue  over  hi- 
sliiinlder  in  order  to  esert  moi'e  fnllv  liia  atreugth.  Tbe  line  n'*' 
cut  in  onler  to  recover  it.  The  wet  Lue  wan  very  difficult  tn  fake. 
,  lieing  Btiff  auil  reudeml  utitky  liy  the  inoHened  starch  finish. 
Line  cuiptie<l  fi-om  fakiug-boK  into  tray  before  Hsiug.     Shot  tolatfrt 

three  or  four  tiiuea. 
Line  emptied  iiito  Diiyns  l>efore.   Shot  rotated  abontflve  otnixtiniai 

Velocity  of  wind  at  ot&tie  21.B  iuile<<  per  hour. 
Line  emptied  into  tra,j'  lu  befoie.    All  of  the  liue  oarHed  out  except  4 

tiere  of  fakes. 
Liue  emiitied  iuto  tray  tm  before.    All  of  the  liue  but  about  50  ynrJd 

Liue  eni]itied  into  tray 

line  Irt  yanla  from  I 

very  greasy. 
Liue  emptied  into  tray  as  liefure.     All  of  the  line  (Xo.  5)  eiccpl ' 

Line  em])tied  into  tniy  aa  before.  All  but  T  tiers  of  the  line  carri"' 
ont.  Wiud  gusty  during  the  above  esiteriuientH  for  thia  il>^ 
Velocity  of  wiud  at  office  IT  itiileo  per  hour,  immediately  aftc 
fortieth  rouniL 

Fired  out  to  sea  directly  against  tbe  wiud.  No  drift  to  the  liiif- 
About  (100  yanls  of  liue  drawu  out  of  bos.  Range  unknown :  low*! 
eMiimate  given  by  thoae  jnvneut  was  over  450  yards.  Pi'oliably  dii) 
not  rni'y  much  ttma  that  distance.  Action  of  projectile  in  th( 
trn.iect<iry  during  ite  dighl,  excellent,  fibot  recovered  by  hauliui 
in  line.     Recoil  of  gun  nud  carriage  15  teel. 
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BEPOBT   OF   THE  CHIEF   OF   OBDNANCB.  2.S1 

1.  Synoptical  transcript  of  notes  from  thejiring  reoord — Continued. 
Gun  C. — Caubee  2.5  iscHEa — Continued. 


I 


Fired  lo  at&  ilirertly  against  tlie  ^iud.  The  liuo  was  in  UxMe  cnilt  ou 
the  snml.v  l»-nch.  The  wet  line  wiw  liaiika  iu  lliroujfli  the  water 
and  aand  "  himd-over-liand  "  aud  eoiled  without  any  care  whafevpr, 
in  order  lo  ai<cerfain  what  could  lie  done  iii  a  Bimilar  case  wlu<n  the 
circiiniHtniiccs  re<iiiired  srent  linHte.  TUih  liue,  with  the  "  wat«i^ 
proof  finish."  wnH  etJIF,  bnt  bfld  lens  saud  aud  waa  not  uearly  ho 
eticky  t)»  that  haiiiig  the  "  ordinary  tiuish."  It  wan  ileixisited  in 
three  coils  near  to);ether,  aud  was  tired.  Tlie  tirat  coil,  though 
HOiuewhat  kinky,  rau  out  (iretty  well ;  [lart  of  secnud  noil  ran  onl, 
when  the  reniaiuder  whh  caught  up  liy  a  viliratiuK  Inoii,  iimniuK  a 
had  tangle,  IhrouKli  which  the  cord  was  drawn  tit'litly  uafil  it 
broke  or  was  cut  liy  the  other  coils.  This  large  ninss  of  iflpe,  over  u 
foot  in  diameter,  was  enrried  ont  to  nea  over  60  yards  Iwfore  the 
line  parted.  The  recoil  of  the  gnn-carriage  was  about  the  tuime  an 
in  the  previnna  shot.  The  action  of  the  gun-carriage  niwn  the  sand 
was  nneice[>tioua1)le ;  it  sUded  Ut  the  rear  easdy  without  auy 
teudeucy  to  turn  over  whatever. 


.y  Google" 


£0£  KEPOBT  OF  THE  CHIEF  OF  OBDNAHCE. 

CHAPTER  III. 

VELOCITY  AND  FORCE  OF  THE  WDTD. 

lu  this  chapter  will  be  given  tables  containing  the  velocities  of  t 
from  one-hundredth  of  one  foot  per  second  to  one  hundred  and  t 
per  second,  with  their  equivalents  in  miles  per  hour ;  also  the  ] 
per  square  foot  in  pounds  for  the  different  velocities  of  the  wi 
one  mile  to  one  hundred  miles  per  hour. 

The  velocities  of  the  wind  as  recorded  by  the  signal  service  e* 
teniig  anemometer  are  given  for  the  days  upon  which  experimei 
niatle  at  Saudy  Hook,  N.  J. 

The  data  for  Sandy  Hook,  K.  J.,  were  kindly  furnished  by  t. 
Signal  OflBoer  of  the  Army  and  by  Sergeant  P.  J.  Hnneke, 
States  Signal  Service. 

Tabu  of  vftociftei  of  tlie  trind. 
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Office  of  Observation  Signal  Sbevice  V.  S.  A. 
Sandy  ffeolc,  .V.  J.,  Map  23, 
Lieutenant:  I  hare  the  honor  to  aubmit  the  requested  infoi 
in  regard  to  the  velocity  of  wind  on  stated  Aaita  and  hours,  as  fa 
records  now  at  tliia  station  enable  me  to  do  so.  I  hare  -nrittei 
Chief  Signal  Office  for  the  missing  data  [i.  e.  for  May  7  to  3 
1878]. 

Elevation  of  anemomefrr  ahote  ground,  iff  7", 


Dale. 

Time. 

Ha^rtweloci.,. 

Total  nnm- 
beiofnillH 

10  to  11.     11  to  12.      IS  to  1.    1  Hot     2to3- 

EiiH?S; 

.2      ,      10      j      n      ;     ,2      

M        ■        10       1       22        I      M      !      IS 

M 

Very  resiieftfiilly,  vour  obedient  serrant, 

P.  J.  HrXEKE 
Sei'geanI  Signal  Serrice  United  States  .- 
1).  A.  LTLE, 
LieutentiHt  of  Oril  nance, 

HaHdy  Hwik,  X.  J. 

IV.  HemakKS   on  the  effect   of  a  CfftEENT  UPON   THE  880 

After  communication  has  been  established  between  the  shor 
stranded  vessel  by  means  of  the  shot-linef  another  troublesome 
often  intrudes  itself  into  the  problem.  By  this  is  meant  the  eflV' 
the  line  of  an  inshore  current  running  parEdlel  to  the  coMt  and  h 
the  shore  and  vessel,  commonly  called  by  surfmen  the  "set," 

There  is  httle  doubt  that  the  influence  of  this  current  has  been 
underrated  in  those  attempts  to  haul  off  a  whip-line  or  hawxei 
have  tailed.  No  definite  calculations  upon  the  effect  of  this  curr 
1)6  made  at  the  present  time  from  the  lack  of  the  necessary  esiH-r 
data.  This  subject  has  already  engaged  the  atteution  of  the  t 
the  Life-Saving  Service,  and  steps  have  l>een  taken  for  the  pur 
eliciting  information  upon  this  important  i>oiut. 
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PART  IV. 
HISTORICAL. 

KOTE. 

This  port  of  the  report  is  devoted  to  the  history  and  use  of  the  Mauby 
amHiratns,  to  sonne  others  of  more  recent  date,  aiid  to  the  Boxer  life-sav- 
ing rockets. 

The  Manby  apparatus  is  described  in  detail  in  books  not  generally 
accessible  to  those  most  interested  in  the  results  of  Captain  ^lauby's  ex- 
l>eriments. 

The  same  may  be  said  in  regard  to  the  Boxer  Itfe-saving  rocket,  which 
is  now  genei^y  nsed  in  England,  and  is  also  used  to  some  exteut  iu 
this  coautty. 

The  descriptionB  transcribed  have  been  accredited  to  the  sonrces  from 
which  they  were  taken,  and  have,  by  preference,  been  given  In  the 
phraseology  of  their  authors. 

These  extracts  exhibit  the  results  of  many  valuable  experimeuts.  It 
is  of  the  first  importance  that  those  charged  with  the  use  of  such  apparatus 
shonld  be  in  possession  of  all  the  knowledge  upon  the  subject  that  can 
be  obtained. 

The  desire  of  the  writer  to  place  these  instructive  papers  within  the 
reach  of  the  keep^«  of  life-saving  stations  must  be  his  ajKilogy  for  intro- 
ducing them. 

D.  A.  L. 


CHAPTER  I. 

Section  I.  History  or  Mawby's  LiFE-SAVi:ja  appakatcs. 

[Ext?«et  trmn  Enfvclopiedia  Britannica,  eighth  etlitioD,  Vol.  XIII,  pp.  44IM46.] 

It  had  occurred  to  Lieutenant  Bell,  in  1791,  that  a  rope  might  be  thrown 
from  a  ship  which  had  stmck,  by  means  of  a  mortar  carrying  a  heavy 
shot,  and  upon  the  principle  of  the  guu-hari)oou ;  and  he  shoned  the  practi- 
cability of  the  suggestion  by  an  actual  experiment,  iu  which  a  dee)>-sea 
line  was  carried  to  a  distance  of  about  ^100  yards.  (Trans.  Soc.  Arts, 
XXV,  p.  136.)  He  recommended  that  every  ship  shoidd  be  provided 
with  a  mortar  capable  of  earrjing  snch  a  shot,  and  obser^wl  that  it  might 
be  placed  on  a  coil  of  roi>e  to  be  fired,  iustead  of  a  carriage.  The  line  was 
to  be  coiled  on  handspikes,  which  were  to  be  drawn  out  before  the  mor- 
tar wait  tired. 

In  1792  he  received  a  premium  of  fifty  guineas  from  the  Society  of 
Art«  (TransactioDs,  X.,  p.  ^04) ;  and  he  obtained  his  promotion  iu  the 
ordnance  as  an  acknowledgment  of  his  merits.  The  shot  was  to  weigh 
about  00  poiuids  or  more,  and  the  mortar  5  or  6  cwt.  The  exi>eriments 
of  the  French  artiller>'  at  Latere  were  subf»»iuent  to  those  of  ilr.  Bell, 
though  they  have  sometimes  been  quoted  ns  the  first  of  the  kind.  •  •  • 

The  means  to  be  employed  by  iiersons  on  slion'.  iu  cases  of  shipwreck, 
depend  eitlier  on  projei-tiiig  a  line  over  the  -ship  or  on  the  use  of  a  life- 
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boat  Mr.  Bell  had  eui-sorily  observed  tliat  a  line  might  be  carried  over 
a  ship  from  the  shore  by  means  of  his  mortar;  but  for  the  actual  exwu- 
tiott  of  this  proposal,  in  a  variety  of  cases,  we  are  indebted  to  the  meri- 
torious exertions  of  Capt.  G.  W.  Manby,  whose  apparatus,  according  to 
the  rejwrt  of  a  committee  of  the  House  of  Commons,  dated  in  March, 
1810,  apjiears  "  to  be  admirably  adapted  to  its  purpose,  and  to  have  beeu 
attended  with  the  fullest  success  iu  almost  every  instance."  In  conse- 
quence of  this  report.  Captain  Manby  was  thought  worthy  of  a  Pariia- 
meiitary  reward;  and  he  afterwards  published  a  description  of  his  inven- 
tions, under  the  title  of  "An  Essay  on  the  Presei-vation  of  Shipwrecked 
Persons.  8vo.  London,  1812,"  He  had  pre^-ionslv  received  a  gold 
medal  from  the  Society  of  Arts  in  1808  {Transactions,  XXVI,p.2(J9).  ffis 
snccesH  makes  it  exiwdient  to  extract  ft'om  his  e-ssay  a  detailed  descrii)- 
tion  of  the  apparatus,  and  it  will  l>e  easy  to  make  it  somewhat  more  ui- 
telligible  by  a  slight  alteifltion  of  the  onler  of  an-angemeut: 

The  metUoil  of  fiffixinK 
■w]ien|irojtct«l  fnim  a  pit'i  ^ 

in  by  mti-odiicinj;  u  jugged  pifce  of  iniii.  willi  nn  eye  nt  thf  t<ip,  iuto  a  hIivII,  nud 
ciiriDg  it  by  tillius  the  hollow  siiheie  with  bniliD)[  Ipail ;  and  in  another  nay,  by  d 
ing  a  hale  through  a  Holid  ball,  and  jiawiuK  a  )iie<'«  of  iron,  with  nn  eye  to  it,  as  be. 
dencrihed,  to  the  iMitloni,  where  it  nhonld  be  well  secured  by  riveting. 

To  produce  the  means  of  connecting  a  rope  to  »  »lnit.  ami  iireveut  its  lieina  bui 

and  rendering  it"'         '"  "  -    -'     "■  ^- -•  - 

lalior  of  infinite  tii 

poHsible  conception.    Chains  in  e 

proved  that  it  required  not  only  an  elastic  but  a  clo«er  connected  body.     At  lengtU 

some  stout  platteil  hide  (Fig.  5,  Plate  XLVII),  woven  extremely  close  to  the  eye  of  th» 

dhot,  al>out  a  feet  in  length  beyond  the  uiozile  of  the  piece,  ami  with  »  loop  at  the  end 

to  receive  the  rojw,  happily  effected  it. 

This  method  is  certainly  desiralile,  as  the  rope  may,  immediately  [as]  it  is  reqaiied. 
be  affixed  to  the  loo]i,  and  applied  in  service.  Tlie  form  of  the  platted  hiihi  uiaf  like- 
wise be  woven  by  twistlue  it  in  the  mamier  that  the  lashes  of  whips  or  nipes  are  span. 
There  is  another  method,  by  passing  a  ro]>e  tbnmaU  a  case  of  leather,  taking  the  gieal- 
e«t  care  that  it  is  so  well  secnred  at  the  eye  of  tne  shot  as  to  leave  no  room  for  tht 
tUgliteiil plan,  !">  is  lepresented  by  tbe  annexed  barbed  ihol.'     (Fig.  6,  Plat«  XLTII.) 

When  the  crews  of  the  distrc^ed  vessel  are  incapable  of  availing  themselves  of  Ibr 
benefits  arising  from  comnnnication,  they  having  previously  lash^  themselves  in  the 
rigging  to  prevent  being  swept  away  by  the  sea,  which  is  repeatedly  breaking  o<n 
them,  and  when,  from  long  faligne  and  the  severity  of  the  storm  (on  which  occasion 
it  too  frequently  occurs),  they  totally  lose  the  use  of  their  limbs  and  are  render^ 
incapable  of  astustiiig  themselves  in  the  slightest  degi'ee,  the  advantages  of  this  »)kA 
are,  that,  on  its  being  pi'ojected  over  the  vessel  and  the  iwople  of  the  snore  hauhng  it 
in,  it  fiinily  secnres  itself  on  some  part  of  the  wreck  or  rigging,  by  which  a  boat  cu 
be  hauled  to  the  relief  of  the  distressed  oMects,  and  by  the  connt«rbar1it  it  is  rendered 
impossible  [that  it  should]  give  up  its  hold,  or  slip,  while  that  part  of  thu  wreck  re- 
mains  to  'n'bich  it  has  secured  itself. 

Among  the  many  that  have  beeu  saved  by  this  shot,  the  following  are  teatimoniKli 
of  a  few  of  the  cases : 

"We,  the  crew  of  the  brig  Nancy,  of  Sunderland,  do  hereby  certify  that  we  were  on 
board  of  the  said  vessel  when  she  was  stranded  ou  the  beach  of  Yarmouth,  on  Fridsj 
morning,  the  15th  of  December,  ItfCHJ,  and  comiwUeil  to  secui*  ourselvffl  iu  the  rigginjt  lo 

Srevent  being  swept  away,  the  sea  running  so  high  on  the  vessel.     And  we  do  furtTuT 
eclare  and  certify  that  Captain  Manby,  flring  a  rope  with  u  hooked  shot,  securely 
holding  on  the  wreck,  enabled  a  boat  to  be  hauled  from  the  shore  over  tbe  surf  to  our 
relief,  otherwise  we  mnst  inevitably  have  i>eriBhed." 
This  certificate  is  attested  by  sis  signatures. 

Facilitating  communication  is  at  aU  times  of  importance ;  but  when  the  strandM 
vessel  is  in  momentaiy  danger  of  going  to  pieces,  this  point  becomes  a  coosideraliui 
of  extreme  urgency.  I  feel  a  persuasion  that  this  particular  sei^ice  can  only  be  riu^ 
ried  into  efl'ect  by  a  small  and  light  piece  of  oriliiance.  the  range  of  which  is  conae- 

•The  writer  can  find  no  record  of  tbe  adoption  by  any  govermuent  or  societjoj 
Hauby's  barbed  shot,  or  of  any  other  auohor  shot.  Thus  £ai  the  use  of  this  ctoH  <•• 
projectiles  seems  to  have  lieen  limited.  Many  practical  difftcnltiea  in  regard  to  their 
efficient  use  J :..  —  ^ —      t»    .   v 
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qiirntly  very  inconBiderable,  irheD  romiiared  witli  tbnt  of  a  large  noil  heavier  piece, 
as  it  is  weight  aloDe  that  fonveys  the  rope.     lu  order,  therefore,  to  in-  j  — 
crease  the  powera  of  a  shot  pmjei-teil  from  a  small  mortar,  its  natural  forms 

must  be  Talied  soas  togireit  oililitioual  "prepouderaDce."    The  aiiuexeiLfc 

tbsiie,  ID  the  form  of  a  pear  (Fig.  3),  has  been  used  with  the  Kreat«st  sue- 
wss!  for,  bj  the  increased  weight,  the  shot's  momeotiim  and  power  over       Flg-3- 
the  line  in  in  conseqnence  considerably  augmented  in  its  rniiKn;  and  when  made  to 
fil  the  piece  aa  close  as  possible,  a  great  increase  of  veloctty  is  like  wise  produced  &om 
that  defease  of  windage. 

Portability  iu  the  construction  of  a  piece  of  ordnance  {as  just  deBcril)ed)  is  the  very 
es!ience  of  this  service ;  and  coiumuuicatlou  with  the  strande<l  vewsel  or  wreck  may  be 
e(fect«d  with  a  cord,  by  which  cord  a  roi>e  can  lie  conveyed,  and  by  that  rojie  a  haw- 
ser or  cable  sent  to  thedistressed  ve«set;  for  this  purpose  Iho  auuexed  was  coustrui;t«d. 
(Fig.  7,  Plate  XL VIJ.) 

A  person  completely  equipped  with  every  necessary  apparatus  to  effect  communica- 
tion with  a  vessel  driven  <>u  a  Ire  iiUote,  "  -  ■  the  horMcmau,  fully  ei|iiiiipeil,  trav- 
eleil  a  uiile  and  a  half,  the  howitzer  was  dismounted,  and  the  line  projected  153  yords, 


The  application  of  a  small  piece  of  orilnance  likewise  offers  particular  advantages, 
eni>u1ile  of  being  employed  ^>ui  n  lioat  to  go  to  the  asHistauce  of  a  ve.tsel  grounded  ou 
a  1)ar  when  mnning  for  a  hnrliour,  the  llece^utitv  of  wliicb  rcpeutcilly  uci'iirs,  and  was 
twice  witnessed  at  Blakeney  on  the  10th  of  NoveinWr,  I'ilO,  when  boats  eudeav- 
oiire<l  to  go  to  their  relief,  and  were  enabled  to  get  out  of  tlie  bnrboui  on  the  ebb  tide, 
within  20  yards  of  the  vessel ;  but  it  was  foiuiil  iiuiio.-wilj|e  to  approach  them  nearer. 
Hud  such  boats  been  proviilol  with  a  piece  of  this  dehcription,  and  the  same  flriuly 
xecureil  on  a  stout  piece  of  plank,  by  the  holes  left  at  each  comer  of  the  iron  beil.  they 
luiglit  have  projected  a  small  ro|>e,  coiled  in  a  crate  or  basket  made  to  the  form  of  tlu' 
bow  of  the  boat ;  and  the  i>ersons  in  the  bout  so  pni\-ided  would  not  have  reuiuiued 
the  distressed  Bi>rctators  of  the  untimely  end  of  their  lellow-creatnres  wilhont  being 
nlile  to  afford  them  the  suiatlest  ivlief,  although  so  little  was  then  wauled  fur  that  itt;- 
sirable  purpose. 

Althongh  advantages  have  been  {Kduted  out  lu  the  use  of  these  small  mortara,  it  is 
necessary  to  be  kept  in  remembrance  that  they  are.  proilueed  for  juirticutur  services,  as 
the  natnre  of  the  coast  and  circiuustanc^s  attending  the  distressed  vessel  will  direct 
what  piece  is  liest  adapted  to  the  iindeitAkiug. 

To  enable  the  mind  to  forai  a  Judgment  of  what  can  be  effected  by  other  piece!),  the 
following  are  the  minutes  of  exjieriiiieuts  made  with  a  Sj-inch  brass  mortar,  stating  the 
quantity  of  powder  used,  and  distance  the  roiH's  were  projected  against  a  strong  wiud, 
at  the  angle  of  17°  (elevation),  weight  of  the  mortar  and  bed  alK>ut  300  pounds : 


OuDcsa  of  pDwde 
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— Wheu  the  rope  (wbicb  should  1>e  pliaut  and  well 
li  or  cliff  oppositi»  t^  the  stranded  vessel,  the  most 
rven  spot,  and  free  from  projecting  stonos,  should  be  Helecte<l  to  lay  it  on,  anil  great 
care  be  taken  that  no  two  parte  of  it  whatever  overlay  or  eveu  touch  each  other,  nor 
must  it  belaid  in  longer  ieugtlia  than  of  two  yards.  But  to  project  a  smalt  line  or  cord, 
it  wilt  t>e  ueceBsary,  if  it  is  required,  to  contract  the  faker  to  half  a  yard  at  roost,  to 
avoid  theJttrtL  received  at  the  end  of  each  right  tine.  The  best  method.  With  auch  a 
deocriptiou  of  cord,  is  to  lay  it  on  tbeground lu  the  most  short  and  irregular  windings 
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it  Is  fake^l  ill  leof^hH  of  10  nr  15  yard», 
moBt  powerl^il  pendnlmn.     These  precantio 
of  the  sen-ice. 

The  fnlluning  hns.  after  varioiu  trialR,  brta  fViiind  a  certain  metliod  of  laying  llic 
nipe.  and  plaeiiig  it  into  eoninartti>enta.     (FrmeK  Faking,  Fig.  1,  Plate  KLVUI.) 

A  pftrtii^lllilr  attealiou  to  Ihiit  mode  will  never  fail  \ril]i  a  good  rope,  wban  the  imjinl' 
iniente  are  removed  that  might  otherwise  olistniet  ilo  rapid  Higbt.  Its  ■dvanlaK''" 
an-,  that  it  will  allow  the  eye  rapldW  (yet  correetly,  juet  bt/anfirin^,  which  is  sliio- 
litttfly  neceMtiry)  to  iiom  over  the  different  compartments,  and  at  once  diB«oTer  if  luc 
fake  hna  Itren  ilianlAced  by  the  stortu,  or  by  any  other  casualty  or  acoidenl  cobm-  iu 
wnitnct  with  nncther  port,  which  would  desiriiy  Its  apjilication  by  the  lopo  bmkiu^. 

It  ninv  likcwlHeV coiled  in  the  manner  nsed  in  the  whale-liHherv,  wkalt  iairCFiE.i 
Plate  XL VIII) :  and  in  the  metho<l  ralltHl  (bain /aki«g (Fig.  3.  PlateXLVIII.)  It  is.hoo- 
ever,  neeeNsniy  to  add  that  great  attention  isreijuired  inhiying  it  »|Teeabl,v  to  the  tun 
latter  niethiKls.  arising  not  only  (hnu  the  arm  being  liable  to^  ni^er  certain  pMt»  of 
the  ruiie,  and  thereby  diHplare  it.  bnt  ttom  the  gn^at  anxiety  of  mind  natnra)  on  tlirw 
o«'('aM)«ui>.  where  the  lives  of  fellow-crentnres  are  litrmlly  dp])endeiit  on  the  conwt- 
new  with  which  the  n>iie  is  laid.  It  is  therefi)re  extrenu'lj-  difflonlt,  in  a  moment  "f 
aiptatioii,  todetenulue  whethernuy  overlay  ba»  taken  [ilac'e,  aii  error  that  would  infal- 
libly deotroy  everr  endeavonr.  and  orcnHion  even  the  fate  of  those  whoso  live«wenuitli1 
tie  exertiue  oiiraefves  to  preHon'e.  C'<>iild  persiiits  in  the  perfonuBnce  of  thia  tNTiirW 
alwnyH  eollecteil,  the  two  latter  methods  wonld  have  a  decided  atl vantagje  over  the  fit>i 
Diode  of  fnking,  they  being  laid  in  a  much  less  space  of  time.  As  all  theae  inethnlE  "i 
'ayinK  the  rope  ocenpy  time  to  place  it  with  the  care  necessary,  and  as  it  has  iT|ii'at' 
dly  hap         >  ->    -  >  ~  >.        .  ...  .  n 


ediy  happene<l  that  vessels,  very  soon  after  gronnding,  have  gone  to  pieces,  atiil  all 
hands  perisheil,  it  was  necessnrj-  to  prodace  a  methotl  of  arrangf       ''  ''^  ' 

it  colilit  be  immediately  projected  as  soon  as  it  arrived  at  the  hjki 


hands  perisheil,  it  was  necessnrj-  to  prodace  a  methotl  of  arranging  the  rope  m 
it  colilit  be  immediately  projected  as  soon  as  it  arrived  at  the  spot ;  and 
so  effertnal  as  when  brought  ready  in  a  ba^et  (Fig.  4,  Plat«  KLVIII). 


In  this  case,  the  rope  slionld  be  most  carefully  laid  iu  altwnate  tiera  or  fakiw.  ik> 
Jiart  of  it  overlaying,  and  it  should  be  well  secured  down,  that  in  traTeling  It  lie  nut 
displaced ;  but,  above  all,  no  mistake  mnst  happen  in  plaring  Ihe  batiel  pn^lj. 
For  esample,  that  the  end  of  the-  basket,  fWim  which  the  shot  hangs  in  the  ibore 
figure,  should  be  previonsly  marked,  and  mnst  be  placed  toward  the  sea  or  wreck.  Ihil 
the  rope  be  delivered  freely,  and  withotit  any  chance  of  entanglement.  It  will  l» 
scarcely  necessary  to  add.  there  will  be  several  tiers  of  tlie  rope  when  laid.  Tli>' 
ntinoet  ctu«  and  attention  are  required  in  laying  the  rope  in  tiers  with  strict  re^tn- 
latity,  to  prevent  entanglement.  The  next  is  the  applicatinn  of  the  mortar.  If  It^ 
wind  IS  aiilewnys  to  the  shore,  it  must  be  painted  snOlciently  to  windward  t^i  bIIow  fnr 
the  slack  of  the  rope  lightiiig  on  the  object,  as  the  rope  will,  of  course,  be  conaidersMt 
borne  to  leewanl  by  the  effects  of  a  strong  wind,  and  by  its  being  laid  at  i  l<|* 
elevation  insures  the  rope  tilling  agaiust  the  weatbermost  part  of  the  rigging.  Wbilf 
this  service  is  performing,  great  care  shonid  be  taken  to  Keep  the  mortar  dry :  aiiT 
should  it  lie  liMUled  until  everything  is  ready,  When  that  is  done,  it  should  be  piimell : 
but  aa  it  wonld  be  iiu]Kissible  to  do  it  with  loose  powder  in  astomi,  atubeiscuo- 
slmcled  in  the  simplest  manner  of  common  irriting  l>auer  (the  outer  edge  briu 
cemente<1  with  a  little  gmnl  in  this  form  (Fig.5,Flate  XLvIII).     It  is  filled  with  pmi 

Sinpiiwder.  made  into  paste  ivith  spirit  of  wine ;  when  iu  a  state  of  drying,  run  a  vtri^ 
rough  the  center,  and  lake  care  the  hola  is  left  olien,  for,  on  Ihe  tube  ]>eu\g  iii- 
Hamed,  a  stream  of  fire  darts  through  the  aperture  with  such  foti'e  as  to  perfurate  )|i^ 
cartridge.  The  mortar  Hhuuld  then  instautl.i'  be  fire<l :  and  in  order  to  lemen  "  lU'' 
ficulty  that  has  often  oecurre<l  In  performing  this  service,  n  pistol  may  lie  usediharint! 
a  tin  box  over  the  lock,  f<i  exclude  the  effect  of  wind  or  rain  ou  the  priliiilig;  aii<l  t\'>' 
ng  cut  [i>bli<[i 
n  the  direction 

We  will  lupiHise  the  comniuui cation  to  be  secured,  nlthongh  it  is  scarcely  necewary 
to  offer  any  other  assistance  than  that  of  a  rope,  as  the  inventive  genins  of  ■  xailii' 
will  Niijiply  everything  else;  yet  I  could  expect  the  jieople  on  shore  to  gel  B  ^x"' 
ready  liir  meeting  the  vettiel  wheu  driven  on  a  beach.  It  is  the  promiitest  and  un"' 
a.'rtiiin  rnethml  of  relief  at  well  ai  the  must  easy  to  lie  occomiilishe.l ;  for  by  haiili"!t 
her  off  with  the  ni^ie  priijecteil.  the  bnafs  h-a-1  is  kept  to  the  waves,  and  not  onl!' 
iitNiires  safety  by  risiug  to  the  surge,  bnt  prevents  her  ii|Metting. 

When  the  rope  attached  to  the  shot  (not  having  Imrlis  to  It)  ia  fired  over  the  vf<*^1 
and  ludgrs,  let  it  be  secuivd  by  those  on  lioaiil,  and  made  tiist  to  some  firm  ]>art  at  tif 
rigging  or  wreck,  that  they  may  haul  off  a  liont  by  il ;  but  should  there  not  be  nuy 
Imat,  then  haul  on  board  by  the  ]irnjected  roiie  a  larger  one,  and  a  tailed  hliwt- 
through  which  a  smnller  rope  is  rove.  Let  the  large  rope  be  made  fast  at  the  ika><~ 
head,  lietween  the  cap  and  the  tiiii  of  one  of  the  lower  masts,  and  the  tailed  lilwt  i 
little  clistnucc  below  it;  bnt.  if  liie  masts  should  have  lieen  cut  or  carried  away,  iw" 
it  must  Ik-  made  fust  to  the  loftiest  remaining  part  of  the  wreck.    When  this  i'  """■■ 
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»uvof 
,   ,  orkcA 

Hi'curely  fasteupil  li 
.„,....  „      fi'Ulu  till)  wrtcfc,  0 

_._  ,  D  periWet  safi-ty. 

Wliilc  coininiinicHtion  in  f;aii>iuR,  three  Htakea  RhouI<l  be  diircn  into  the  ground  in  it 
tria»|{ii1ar  pooitiou,  ho  bm  to  meet  clone  at  the  hi-iiilH  to  BU)im)rt  earli  oilier.  As  soon  as 
euiuiiiiiiii<'atiiin  hns  been  effeeteil  by  the  crew  of  the  veswl  niitl  they  have  wciired  the 
line  pttiK-lieU  to  the  itliot  mii<le  font  to  tlieiw  HtakcH,  tlic  crow  will  haul  oil  board  by  it 
n  lunie  ro|ie  niid  a  tniled  hlook,  tbroiif(h  wliicJi  a,  luiiallei  rojie  in  to  be  t«vc,  both  cuds 
of  whieh  (tho  ainnller  rope)  are  to  be  kept  on  nliore.  When  they  liave  securtMl  these  on 
hoard  anil  the  larger  mpe  is  rove  tbroiiKli  the  rollen,  let  a  giin-tuckle  purchase  be 
1a!tlic<l  to  it,  theu  Insh  the  purchase  to  the  slakes.  By  the  lueniiH  of  the  purchase  the 
larprer  ro|>e  may  be  kept  at  a,  tit  degree  of  tension ;  fur,  if  care  be  taken  to  slacken  the 
purchase  as  the  ship  rolls  out  to  sea,  the  danger  of  the  rupe  being  broken  will  be 
giianled  a<;ainst ;  and,  on  the  other  hand,  if  the  purchase  be  gathei^  in  as  the  ship 
rolls  towani  the  shon',  the  slackness  of  the  roiie,  wlucli  would  prevent  the  cot  travers- 
ing as  it  ought  to  do  and  plunge  it  in  the  water  more  than  it  otberwise  irould,  will  be 

Sniiposing  neither  liont  nor  cot  aiiparalUH  at  hand,  fint  cast  oft'  the  nliot  from  the 
projected  ro^ie,  and  with  a  close  hitch  let  it  be  iiut  over  the  head  and  shoulders  of  the 
jHTMon  to  be  saved,  bringing  it  clone  under  each  arm,  drawing  it  ticbt,  obaerBing  par- 
ticHlarljf  the  knol  in  on  the  bnmitboiie ;  tuT,  by  having  the  knot  in  that  poaitiuu,  on  the 
people  of  the  shore  hanliiig  tlie  wmou  from  the  wreck,  he  will  naturally  l>e  on  his 
back,  conseiiuentl.v  the  face  will  be  npiicnuost  to  sieze  eviiry  moment  fur  respiration 
after  each  surf  has  passed  over  tiie  body. 

If  circtunxlances  comiwl  reeourse  to  this  method,  pare  must  be  taken  to  free  the  rope 
from  any  part  of  tUe  wreek  and  to  jump  elenr  away ;  but  should  there  I>e  niore  than 
one  an  boanl  each  man  Bhonid  make  himself  fast  in  the  same  way  about  four  feet  from 
the  other  and  ioiu  hands,  all  attending  to  the  same  <lireetious. 

For  giriHg  relitf  fa  reuels  tlmnded  on  a  let  thort  in  a  dark  and  temprgtuom  nighl.-^It  will 
be  rei|ULsite.  first,  to  devise  the  means  of  discovering  precisely  where  the  distreased 
vcNHcl  lies  when  the  crew  are  not  nble  to  make  their  siti\ution  known  by  luminous  sig- 
uals;  secondly,  to  produce  a  method  of  laying  the  mortar  for  the  olijeet  with  as  mncU 
accuracy  as  in  the  light;  thirdly,  to  render  the  flight  of  the  rope  perfectly  distinguish- 
able to  those  who  project  it  anil  to  the  crew  on  lioanl  of  the  vessel,  so  that  they  can- 
not fail  of  seeing  on  what  part  of  the  rigging  it  lodges,  and  consequently  have  no  dif- 
ficnlty  in  seenring  it. 

To  attain  the  tirst  object  a  hollow  ball  was  made  to  the  size  of  the  piece,  composed 
nf  layers  of  pasted  cartridge  paper  of  the  thicknewi  of  half  an  inch,  having  a  lid  on 
theto]>to  contain  a  fu«e  (t'lg.  6,  Plate  XLVIII),  audit  was  then  filled  witliubout  fifty 
InminousbnllMof  star  cnrnposilion  and  a  Hiiflli-ient  qnantityuf  gun]>uwder  to  burst  the 
hall  and  inflame  the  Man.  Tlie  fuHC  flseii  in  the  hull  was  erauuatcd  to  set  fire  to  the 
liumting  jmwder  at  the  height  of  300  yanb*.  Through  tne  head  of  the  fuse  were 
(IrillHl  holes  at  equol  [diBtaiu'eH],  to  pass  through  them  strands  of  quick-niateU  to  pre- 
it  the  iKMstbility  of  any  aceiiieiit  from  the  niatcli  faUiug  out  or  inmi  its  not  firing 


XIiVIIT),  painted  white  to  render  them  more  discernible  iij 
ami  pointm  in  a  dirert  line  to  the  vessel. 

A  shell  afHieil  to  the  ro[te,  having  four  holes  in  it  to  receive  a  like  number  of  fosea 
(headeil  as  before  describeil),  and  fllled  with  the  fierci'stand  most  glaring  composition, 
w-liich,  when  inflnmeil  at  the  discharge  of  the  piece,  displayetl  so  splendid  an  illumina- 
tion of  the  rope  that  its  flight  conld  not  be  mistaken. 

To  get  a  boat  from  a  beaeh  orrr  Ihr  turf. — Tlioiinportanceof  going  to  the  relief  of  ships 
iu  distress  at  a  distance  from  the  land,  or  fur  takiiig  olf  pilots,  was  viewed  as  of  the 
liiglipst  conseiinence  by  the  elder  liretliri'n  of  the  Trinity  House,  and  offered  to  my 
particular  attention  by  several  distiTiguisheil  characters.  After  numerous  experiment 
to  Bccouitdish  it  iu  various  ways,  the  iniHle  following  was  most  approved :  About  fvrty 
futhotns  of  2j-inc'h  ro)ie,  uuide  fast  to  two  moving  aucbors,  was  laid  out  parallel  with 
tbe  shore,  at  a  distance  lieyond  the  sweep  of  the  surf;  to  the  center  of  this  rope  was 
made  fast  a  buoj',  of  suUcient  power  to  siunieiid  the  sreat  ro)>e  and  prevent  it  from 
chafing  on  the  sand,  ro«k,  or  stones,  as  well  ns  embedding,  a  circumstance  that  has 
rendered  it  imjKissihIe  on  a  sandy  or  shinglv  coast  to  heave  out  an  anchor  with  a  lope 
to  it  Irom  the  sluire.  As  this  service  sliou^d  be  pertVirmed  in  fair  weather  (to  ba  pre- 
pared for  the  storm),  it  may  be  regulated  with  the  greatest  exactness,  and  should  tako 
2>laceat  the  top  of  high  water,  that  the  upper  part  of  thebnoy  may  tie  at  the  fnll  stretch 
of  its  power,  and  only  seen  at  that  time.  Should  the  shore  be  extremely  filat,  it  will  be 
19  OBD 
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dcairablo  to  pinro  nuother  net  at  a  siifSi^ient  i1iat«ui-e  beyond  the  first  to  ioBLiiv  the 
oprrntioii  of  tbU  itictliod  in  any  tttate  i>f  tliu  tide. 

The  royal  inortnr  hima  brousbt  to  thi'  Hpot,  is  tn  he  pointiil  in  tlie  diriTtion  for  ihe 
buoy,  and  Mhonlil  be  IniiT nt  a  vtry  low  eluvatiou,  Imt  iineli  a*  to  initnre  tlip  ranite;  fiir 
the  more  it  in  il(.'|>»>etHMl  tbe  Ivm  nlark  of  rope  tliere  will  bn  froiulbe  paraliolnfonnrJin 
tlio  Hhot'H  Higbt ;  tliB  iHinket  with  the  roiip  ready  laid  (harinj;  a  barbed  »liot  to  il)  n  lo 
be  placed  ill  lliu  tlinit  of  the  iiinrlAr;  on  itn  lieiug  lixeil,  inntaully  lianl  tlie  rIscIe  of  11w 
ropo  in,  to  jiruvetit  the  etFout  produeed  ou  it  by  u  Htroii)(  tide ;  wliich  beiu}{  done,  IrT  Ibe 
retnnindur  lie  gently  liaiiled  iii  to  iuBiire  the  Rhot'ii  Kra^mliiig  with  the  ){iviit  rogie;  wlira 
that  ia  CAiiKht  and  honked,  a  ]>ower  will  be  aciinired  fiilly  odetiuate  tu  the  wrvicr. 

As  a  caMt-iruii  ani^hor  appe^rn  partienlarly  ailaptinl  to  this  method,  and  woald  be 
mnch  cheaper  thau  haTiimercil,  Pig.  8,  I'lateXLVlII,  iiia[>lan  of  one  which  thebonor- 
able  the  navy  board  upprovcd,  and  a1luwe<l  me  lo  cutit  at  their  expense  for  the  purpun- 
of  mnkiii){  the  exiierimeiit. 

'  When  a  vesm'l  ih  in  that  extreme  and  jierilntiH  sitnalion,  driven  nnder  a  nijcEi^l  ani! 
inacccHHilde  cliff,  and  in  danger  of  fctiing  aooti  to  pieccH,  the  moxt  prompt  mi'tlind  1 
ahoiild  Hiii^Ht  is  by  lowering  to  the  erew  a  rope  with  stiff  loopn  spliced  into  it  {Vif.  9, 
Plate  L.X VI II),  at  the  distnnce  of  a  foot  and  h  half  from  each  loop,  of  safUcieut  aiieto 
contain  the  font,  by  wliii'b  tliey  can  astjeiid  aa  a  ladiler. 

This  rope  Itulder  ia  capable  of  being  projectetl,  and  one  of  an  inch  and  a  half  rojie 
was  tlirown  from  a  mortar  191  yanlx.  It  mifcht  also,  from  the  simplicity  of  its  Mmc- 
ture,  he  extremely  useful  in  eHcapiiiK  from  a  iioiiHV  on  Sro.  By  niakiuj;  one  end  funi  U> 
the  log  of  a  bed  or  a  table,  the  )ierHflii  wonld  couio  down  from  the  window  iu  safett, 
and  with  mueh  lesa  dilHculty  and  quicker  than  with  the  coininnn  rope  ladder,  vhub 
IB  heavier  and  more  nnwieldy.  It  has  great  advantages  when  employed  in  iwnsg 
sliipwreekeil  men  in  sitnations  Jiut  dewribed,  when,  fmin  extreme  cold  and  alm^I 
beiiiinil)ed  linibn,  it  would  hv  imponsible  for  them  to  climb  np  a  rock  or  aneend  it  even 
by  the  aid  of  a  ciiuuuou  rope.  The  holils  thus  spliced  in  will  Hupport  both  hands  anil 
feet. 

TUf!  reiwrt  of  tlie  committee  of  the  Hoiibc  of  Commons  contains  a!m> 
a  pai>er  of  iitstnictiona  for  the  inanaitors  of  Captain  Manby's  apparatus 
on  Hhore,  which  are  somewhat  more  luiimte  thau  the  directions  publishMl 
in  his  CHsay.    For  example : 

If  the  wind  lie  sideways  to  the  shore  the  mortar  mnst  Ite  pc^nt«d  suffleiently  tn  tIuJ- 
ward  to  allow  for  the  slack  of  tlie  ruiw  lighting  on  the  object,  us  the  rope  will  of  tonne 
be  bunie  considerably  to  leeward  bj-  the  effect  of  a  strong  wind. 

Tlie  diHtance  your  jnd({nient  ducides  the  vessel  to  be  fhrai  the  aliore  should  regolal* 
tlie  cliarge  of  powder  oa  stat^td  in  the  scale,  taking  just  a  suSlcieut  quantity  to  cirir 
theobject.  Anattonti<m  to  this  will  be  more  certain  of  your  effecting  communication 
aiid  gininliiig  oKaiust  the  danger  of  the  ro|>e  breaking  or  anv  other  circumstance  tbit 
luigbt  prevent  tlie  HDCceiuful  iwrfomiance  of  the  service.  The  elevation  of  15°  i»  to 
be  iiTMerrud,  particularly  if  the  winil  is  sideways,  pointing  the  mortar  snfflcit^ntl.c 
to  wiudwani,  as  the  rupe  wonld  then  fall  against  the  weathermost  part  uf  the  rigging 
of  the  *tramU'd  vessel. 

When  a  vessel  in  driven  on  shoie  in  the  night  you  will  flash  gnnpowder  as  often  m 
couvouient  ou  your  way.  This  will  animate  the  crew  and  denote  to  them  yon  art 
coming  to  their  assistance.  On  getting  to  the  si>ot  where  you  have  reamiu  lo  8iu|><^> 
the  vvtwel  lies,  as  yon  arc  not  ai>le  to  discovet  her,  from  the  extreme  darkness,  ami  ii 
the  people  on  board  cannot  [make  known ]^  their  situation  by  Iniuinons  signals,  or 
noises  (which  they  will  \n>  fUri>cted  to  moke  if  imssible),  you  will  lay  the  mortar  at  * 
very  high  elevation  and  Are  a  light  Imll. 

Just  before  you  fire  (the  rope)  it  would  he  advisable  to  let  off  a  bine  light  to  pnt  ih* 
oraw  on  their  guard,  to  lookout,  and  be  ready  to  secure  the  rope.  The  service  can  bs 
perforuiL'il  witli  a  carifluoile. 

In  Cliapter  IV"  we  have  a  copy  of  directions  to  persons  on  board  ves- 
sels stranded  on  a  lee  shore,  pn)i>oaed  to  be  ilelivered  to  the  masters  at 
the  custom-houBe,  It  is  observe<l  that  even  snapping  a  pistol,  when  tlie 
powder  is  wet,  may  sometimes  afllbrd  a  signal  visible  on  shore,  from  the 
sparks  of  the  steel  alone.  The  other  parts  of  the  directions  will  be  snp- 
plied  by  those  who  understand  the  principles  of  the  proposed  mode  of 
relief 

Itocketx  have  of  late  years  been  much  employed  instead  of  the  mortar, 
in  Manby'a  apparatus  for  throwing  a  line  to  a  ship  in  distress.  "  Dennett's 
Itocket  Apparatus"  is  supplied  to  many  stations  along  the  coast  The 
only  advantage  the  rocket  has  over  the  mortar  is  its  greater  portability; 
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for,  beintr  nmeh  lighter,  it  can  be  uswl  'nitli  greater  facility  among 
rocky  ctiffa,  and  in  iwsitioiis  <liflicult  of  access.  The  disadvantpes  of 
rockets  are,  tliat  tliey  are  soiuewbat  niicertain,  snnietinies  exploding  aa 
suou  aR  ignited,  to  the  danger  of  the  by -xtauders;  and  they  are  also  liable 
to  tleteiiorate  tiwm  the  eflet't«  of  dani)>  or  of  age.  Moreover,  l)eing  ex- 
pensive, they  cannot  l>e  often  employe*!  in  trials,  so  as  to  keep  up  the  prac- 
tice of  the  people  employed  in  using  thorn.  The  range  of  a  shot  from 
a  24-i>oiuid  nioiiar,  wbieh  iu  the  onlinary  aize,  in  about  the  name  an  that 
of  a  13-iK>und  rocket,  vhieL  i»  the  largest  in  nse.  As  the  manngemont  of 
the  inoiitar  and  rocket  appai-atiiK  is  much  l)etter  understood  by  theofiicera 
and  men  of  the  coast-gnard  service  than  by  onlinarj'  boatmen  and  fiwlier- 
men,  it  has  been  almost  entirely  left  in  tlieir  hand's,  and  is  provided  by 
the  board  of  cnstoins. 

Several  inventions,  or  variations,  in  the  Manby  api>aratns  may  be  jnst 
glanced  at,  M.  G.  Dehngne  uses  a  howit7-er  instead  of  a  mortar,  while  a 
Iiortiouof  the  line  to  be  carrie<l  is  contained  in  the  projectile.  Mr.Gi-eener 
has  a  method  of  discharging  a  rocket,  with  a  line  attached,  tVom  a  liglit 
harpnon-gnn.  When  dischargefl,  the  rocket  ignites,  and  is  said  to  pro- 
long the  range  to  a  greater  distance  than  if  the  gun  or  ro<rket  were  ahaie 
employe*  i. 

Captain  Jem ingh am,  R.  S.,  has  an  anchor  of  aparticnlar  form,  which 
be  proposes  to  flre  flponi  a  Manl)y  mortar,  in  snflBcient  inimbers  to  afford 
the  means  of  hanling  a  life-boat  through  the  surf. 

Mr.  A.  G,  Carte  employs  a  var-rocket  in8t«a<l  of  a  Dennett  rocket. 

Section  II. — ^Iatjby's  shot. 

[Extract  from  "Aiiimuiiitiuii,"  by  Captain  Majeiidic,  R.  A.,  ihiIiIIhUhiI  in  Liiiidoii  iu  l^GJ."} 
1.  Hhtory. 

The  plan  of  saving  lives  in  cases  of  shipwrecks  by  means  of  a  line 
thrown  so  hk  to  eNl.ihIish  a  communication  between  the  ship  aiul  the 
shore  seems  to  have  bwu  first  proposetl  about  the  close  of  the  last  i-en- 
tnry,  by  Lieutenant  Bell,  Koyal  Artillery .^  This  officer  pro]>oi*eil  to  pro- 
ject iVum  a  mortar  a  sphericid  shell  fllletl  with  le^d,  and  having  "a  deep- 
sea  line"  atta^^hed.  Some  trials  were  made  with  the  apparatns  in  17U1,* 
Itefore  a  committee  of  the  Society  for  the  Encouragement  of  ArtA,  Manu- 
factures, and  Commerce,  and  tlio  success  of  the  exi>eriment  was  ao- 
markefl  and  nnequivocal,^  tliat  in  the  following  year  the  society  adjudged 
tlie  inventor  a  rewanl  of  fltty  guineas-. ' 

Lieutenant  Bell's  claim  to  the  priority  of  the  invention  was  also  recog- 
nized by  a  committee  of  artillery  officers  assembled  at  "VVoolwieh  in 
May,  1811,  to  reiwrt  on  "Captain  Manby's  invention  for  saving  the  lives 
of  shipwrecked  mariners,"  this  committee  reiiorting  that  they  feel  that— 

Thf.v  Hhoiild  not  eutirely  (liiwliergn  tht-ir  duty  were  tliey  to  nniit  uliservinii  that  the 
roiiiniitt<«  of  the  huniiniMK  I1<iiiihi  nt  Coiiimouit  do  iiiit  niioni  U>  hnvc  ticeu  iiitiiiuTt'd  of 
all  tile  nipaiut  projKMM-d  Uy  the  hitt>  Utiiiti'iiaiit  Jlfll,  of  thu  Royal  Artillrry,  fur  the 

'  It  ai>peftni  froui  Kanu'H  List  that  Lii-nti-iiaiit  Bell  was  promotfd  from  Mcrgt-niit  to 
a  liuBteuaiiry  in  t'w  iuvaliil  buttalion. — (Kaiie's  Lint  of  the  Royul  R(>);iiii('iit  of  Artil- 
Irrv,  p.  SI.) 

'AugaM^S,  1791.— (Eeiiertiny  of  Arts  for  1808,  vol,  xiii,  p.  315.) 
^Thc  lint)  wait  tlirowu  to  a  diHtauip  <]f  400  yardu.— ( Ibid.,  »15.) 

<A  fiill  account  of  the  expeiiiiientit  and  <lrawiu|CH,  and  a  dcHcriptinn  of  the  Hp))nra- 
tiis  are  Kiveu  under  thi<  head  of  "Account  of  a  melhixl  of  throwing  a  rope  ou  idinre  by 
means  of  a  Hhell  fruni  a  mortar  on  lioiml  a  vi'Huel  iti  ditlrciw.*'  Ity  Lieut.  Jolui  Bi^ll, 
Koyul  ArtiUerj',  i"  t'">  R<'l>crtor)'  of  Artn,  1808. 
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nttniiimPiit  of  the  name  InnilaMp  nl>jt'<'r ;  it  lifiitf;  Htntist  in  that  !iniiorRl>|p  i;!!^!^!!!^'- 
w|Hirt,  tliut  "Mr.  IIpU'h  Invention  m  Wtiilly  iiiaii)>]ii'i(lile  iu  ull  taseu  of  reenels  Ixing 
HTraiiilfcl.''  aixl  tliat  Captain  Manli.v'H  iuvt-iitiou  in  iu>w.'^ 

In  jiiHtic'i',  thnTfim-,  tn  the  ini'miirj-  nf  Lii'uti-nant  Ht'il,  ami  to  his  Hiiri'i vine  family, 
linil  wilh  n-siNi'tfnl  ili-fn^ncP  rtiip  to  the  jinlenipnt  <if  the  honorahtc  comnnttH'.  tlip 
i:iitit;1n(Iiutt  iif  thi>  bpvmi  nlinen'atiiniH  iiiwrtt'il  m  nne  nf  thr>iiHiipiHnf  Lieiiti'niint  M') 
arcniiiit  to  thi>  Soriet.v  frir  thi>  Kiicinirut^inrnt  of  Arta.  Mnnnfnrtucea,  and  Conmirm, 
in  Hii1)ji>iupil  iu  liin  own  wi>rclH,  an  piiUliHlicd  in  that  euH'iH.v'H  Trauwi'tionM,  ■nd  in  iLc 

"  "    "' '  •  -    '  -  ■-— ■■         3jM^  ),y  which  olimTVatiirtiH  it  ajip'ara  thai  Limtnmtl 

I  MaHhg  k(U  staor  to  ahlg  anif  m  tuaxia/Mllg  earriri  itlo 

The  i>aRMafce  "  in  LU'iitcnant  Bell's  own  M-onU,"  referred  to  by  the  com- 
mitttM:-,  is  as  follovH: 

Thppe  in  pvery  reason  to  conchiiln  that  thin  contrivance  would  !«  vpiy  nsffnl  il  til 
]Hirt8  nf  diBiciilt  acrma  Imth  at  honie  an<l  abroad  when>  hIuim  arc  linble  to  Onh 
)(roii]i<l  bf fore  thpy  witpr  the  liarlmr  an  Shiddn  Har,  and  otliPt  wmilar  sitnations,  nhfo 
n  line  miftht  lie  thrown  over  the  Hhip,  nhich  ini^ht  prohahl.v  bo  the  mpann  of  saiing 
Imth  livrH  and  property;  and,  moreover,  if  a  nhij)  wa«  ilriren  ashore  near  snch  a  plur, 
the  appnratiiB  mifint  easilv  be  romovf^l  to  atlbrd  amutancp,  and  the  wbule  perfonuton' 
'    v)  exceedingly  Hiuii>le  tliat  any  i>ertw>u  iieeiiig  it  duiiv  would  uot  want  any  further  id- 


It  is  thns  ])la(;e4l  tK-yoiid  <loiibt  that  Lieutenant  BvWn  proiiositiAii  iw 
not  limite<l  to  throwing  a  rope  from  a  vessel  to  the  shore,  but  indodeil 
tlie  reverse  oi>eration  of  throwing  a  rope  from  tlie  shore  to  the  assistaiKo 
of  a  strandtMl  vesHel,  and  thiH  l)y  almost  exactly  the  same  means  ne  were 
snhsequentiy  sutHressftilly  applied  by  Capt.  ii.  W.  Maaby,  R,  !N. 

But  if  the  merit  of  having  been  the  fli-st  to  proi>ose  this  plan  rannot 
in  Jnstiee,  Ihs  eonceiled  to  Captain  Manby,  it  in  at  least  indisputable  that 
that  offieer  was  the  tlrst  practically  to  apply  it,  and  that  by  his  exertiiffls 
the  details  were  inatiired  and  the  idea  suufCssftUIy  carried  into  effect;' 
for,  iu  spite  of  the  snceess  which  had  attended  Lienteiiant  Bell's  exprai- 
meiits,  his  i>roi>osition  does  not  ai>]tear  ever  to  have  received  ofiicial 
recognition,  or  to  have  been  practically  entertained  or  adopted. ' 

Captain  Manby  worked  out  the  subject  with  great  care  and  ingenuit.V' 
and  in  1811  his  plan  was  experimented  npon  by  the  committee  of  artil- 
lery officers  befoix*  alluded  to. '" 

'Thiit  alliiitlon  to  the  opinion  of  the  "cnmniittiw  nf  thohonoralileHunseof  ComnHm' 
haH  n-fen>nce  to  a  report  made  by  a  comniittec  of  that  hoiiBo  in  1810,  in  which  Lient"!- 
ant  H<'1I'm  claim  to  any  merit  attachinf;  to  priority  of  invention  is  ignorvd.  and  bi* 
pnipodition  ajiokcu  of  in  the  worda  i|uot«d  in  the  text,  viz,  as  "  totallv  inapgilicalile  iu 
all  rawM  of  veHsrlx  lieinp;  stranded,"  while  Captain  Manliy's  projKHiitton  is  treated  w 
ori^nul.  The  incorrei-tness  of  tliis  opinion  is  suffleieutly  shown  by  the  paHBSge  fn"" 
the  report  above  quoted  and  by  Lieutenant  Bull's  own  remarks,  w'htch  1  hsve  giicu 

''The  Annnal  Register  for  the  year  ISll,  n.  531. 

'Roiiertory  of  Arts  for  1«0M,  vol.  liii,  p.  318. 

•"Lieutenant  Bi'll  then  proposed  what  Captain  Manby  has  since  so  ablytndmic- 
tesufully  carried  into  eHect." — (Report  of  Artillery  Committee,  Annnsl  Register  fnr  ISll. 
]i.  591.)  (Spb,  also,  extract  frmn  Ency.  Brit.,  xiii,  &j\,  on  a  preceding  page,  beginuing 
as  follows:  "Mr.  Bell  has  cursorily  oliserved  that  a  line"  el  trq. — D.  A.  L.) 

<Jt  is  not  imitossiblc  that  this  arose  from  the  fact  that  the  inventor  died  shortly  aft^'- 
wanls.  iu  171W.— (See  Kane's  List  of  OfHcers  of  the  Koynl  Regiment  of  Artillery,  p-  81-) 

'"  This  committee  was  composed  of  the  following  tield-oflic^rs  of  artillery :  I.iiiil»i»- 
aut-lienentl  Lloyd,  Major-ii^neral  Samaay,  Colonel  Borthwick,  LieutenantX'idoiii'l 
Bioa,  Lienteuant -Colonel  8piccr,  Lieutenant-Colonel  Colebrooke,  Lieut*nant-^;i**'l 
Bi-erer,  Major  Gold.  Major  Buchner.  Their  reiiort  l«'ani  date,  Royal  Arsennl.  ffwl; 
wieh,  2*1  May,  If  11,  and  is  entitled  "  fieport  from  the  committee  of  fleld-oflliTW  ** 
artillery,  containing  an  scconnt  of  the  experiuients  made  at  Woolwich  on  the  Irith  «iid 
aith  May  last,  on  Captaiu  Manby 'h  invention  for  saving  the  lives  of  shinwiei-ked  wn- 
nera."  Printed  bv  onler  of  the  House  of  Coiumous.— (Annual  Register  for  1811,  p^  *'' 
to  581.) 
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Tbe  results  of  tliettc  exi>ei'ii newts  were  in  the  higliest  (lefjree  succcss- 
t'ul,  and  tbe  a«loptioii  of  liis  iirui>ositioiia  was  recoiii mended. " 

Tills  reeuiuiuenilatlon  led  to  uu  address  Ix'liig  moved  in  the  House  on 
the  14th  June,  1811,  to  the  I'rince  Regent,  "pniying  that  he  would  be 
graciously  pleased  to  order  that  Captain  Manby's  iuventiou  should  be 
Htatioued'  on  different  part«  of  the  coast,  &c.,  and  assuruig  liiu  that  the 
House  would  make  good  the  exitense."" 

Tbe  proiKisitioiis  which  Captain  Manby  had  submitted  to  the  commit- 
tee were  eight  iu  numlKT,  from  which  the  following  are  selected  as  being 
the  oidy  ones  having  a  direct  beai-ing  upon  the  historj-  of  the  ]tresent  serv- 
ice life-preserving  apparatus.  A  small  brass  howitzer,  3-pouuder  bore, 
which,  with  its  carriage,  weighed  *i'2  pounds,  and  was  strapi>edon  to  the 
fore  part  of  the  sadtUe  of  a  mounte<I  man,  200  yanls  of  log-line  lieing 
coiled  upon  a  deal  Irame  and  slung  as  a  knapsack  on  the  hack  of  the 
horseman,  the  line  being  projectetl  from  the  howitzer  by  means  of  a  "  Jcitid 
of  pear  shot,  1^  diametera  in  length,"  aud  weiglung  i  jioiuids  12  ounces 
12  tkachms.  By  means  of  this  shot,  and  with  a  charge  of  2J  ounces  of 
powder,  the  howitzer  tlu^w  the  line  143  yanK  "Xext,  a  method  of 
affording  certain  relief  to  vessels  stnmded  in  tbe  darkest  night,  with  an 
improved  mode  of  rendering  the  life-rope  more  distiugiiishable."  This 
arrangement  consisted,  firstly  in  firing  what  Captain  Manby  called  "light 
balls,"  \TZ,  pajier  shells  filled  with  "  stars,"  fhnu  a  mortar,  to  throw  a 
light  over  the  scene ;  and,  secondly,  in  projecting  from  the  ^inch  mortar, 
charged  with  8  ounces  of  powder,  a  deep-sea  line  attached  to  a  gJielt  icith 
fourfttaet  in  U," 

He  also  suggested  at  this  time  connecting  the  rope  to  tlie  shot  by 
means  of  "some  gtoitt  at  rips  of  hide  plaited  extremely  doge  at  tlie  ej/eJ"* 

"TheconimittPfi  were  of  ""piiiion  Hint  tlicy  c«unnt  too  strougly  reconiinfiid  hd  in- 
vpntion,  tbK  partini  application  nf  which  liait  lin-n  attended  with  tnich  boiieficial 
elTcuto.  *  '  *  It  iH  also  tlie  wish  of  the  comiuitteu  to  reiiiler  tlifir  full  trilinte  of 
praiMe  to  Captaiu  Mauby  fur  hia  iujcuuiiity  in  ho  iiiiu-h  improving  and  bringiug  into 

firartical  uhk  tliis  inveiiliiin,  to  tlie  rerfei'tiiig  of  which  he  has  mt  /ealounly  aud  skill- 
ully  devoted  himself.— < Ann uftl  Register  for  18II,  p.  620.) 
"ThB  adilTcwt  wss  moved  by  Mr,  Wilberforce.— (Aunual  Register  for  1811,  p,  521.) 
"tJaptaiuMaaby'aotlierpropositionij  and  experiments,  briefly  describeil,  wure  as  fol- 
lows: An  aiTuugemeat  fiirflriug,  "by  vUeniicat  agency,  of  two  siib«tiuicpB,  which  itfuite 
from  coniiug  into  contact  with  ooe  ouother";  a  plan  fur  laying  aud  firing  from  a  tioat 
"  when  the  sea  is  coutinudly  t>renkiug  over  it ";  an  Hirsngement  by  which  the  rope  ia 
coUmI  Id  a  liBHket  and  then  carried  ta  tlie  spot  required ;  a  rope-ladder  "  intended  to  be 
projected  or  conveyed  to  a  crew  wrecked  under  a  clitf,"  comtiBtiug  of  a  single  rope  wit^ 
lou|Ht  spliced  to  it  nt  convenient  distances  for  the  support  of  the  fret  and  liands  when 
cliuibing;  "the  distance  a  deep-sea  line  can  bo  projected  fh>m  the  shortest  8-inch  mor- 
tar" (in  the  cnnme  nf  this  experiment  a  deep-sea  line,  with  68-p»nnder  shot  attAched, 
wan  projected  439  yards;  cliarge,  3  pounds;  elevation,  23°);  the  distance  an  t$-iiich 
liarbed  shot,  "  with  a  patent  Sunderland  3-iuch  rope  attached,"  could  be  projected  (th« 
distance  was  336  yaidit). 

Theae  propusitious  will  be  fiiiind  in  utnw,  as  I  have  already  intimated,  in  the  Annnal 
Regiitter  for  1811,  pit.  518  to  521.  Much  iuti^reatiug  information  will  also  be  found  on 
the  subject  of  Captain  Mauljy's  original  propositions  in  the  En<'yclopirdia  Britanuica, 
vol.  siii,  pp.  441  to  444,  where  evpiuiis  extracts  are  given  tl'om  an  essay  jinlilished  by 
Captaiu  Manby  himself  iu  181S,  entitled  "  AuEsBayuutliePreM-rvatiuuot  Sbipwieckcil 
Persons." 

>*  Captain  Mauby's  own  wonia  resperting  tliis  part  of  the  sn1>Jettare  as  follows: 
"To  connect  tbe  rope  to  the  sliot  and  prevent  it  from  lieing  hiimed  liy  tlie  jiowerfnl 
iulbwiniatioD  at  the  dincliarge  of  tlie  mortar  was  most  essentially  necessary,  and  suc- 
cess rennltetl  from  almost  innumerable  exi>«riments ;  chains  in  every  variety  of  form 
anil  size  liruke,  and  prove<l  that  not  only  strength,  flexibility,  and  clusticily,  but  a 
body  at  unce  continuons  and  entire,  wasrciinired.  At  lengtli  some  stout  slriiis  of  hide, 
plitil^  extremely  close  at  the  eye,  hnjipily  etTrcIcd  the  object  so  iudiHiieusabiy 
wiuited."  (()bs«TvationH.  witli  Directiiins  iin  the  Mclhwl  brought  into  usu  by  G.  W. 
Mauby.)    8ee  also  Encyclopicdia  Hrilnnnicu,  vol.  xiii,  pji.  441  lo  444,  where  nearly 


IU,V.>       OCr    HIHO    £.llUyClttpiCUItt    l>rilHIIllJCU,     VOi.    Alll,    pp.  44L    lO    444,     wilt 

whole  ''obxervntlonH"  (extracted,  Irom  CaptHiu  Maiiby's   publiBlied  e 
-   vitb  illustratiuus. 
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It  is,  tlicriifore,  ]>lav«<i  Ih'.voikI  doubt  tliat  Oai>tain  Manby's  ori|iiiia1 
I>mpoNitioii.s  iiiuhuled,  HtiMtitff  other  coiitrivaiit-PM,  iHt,  A  i>ear-tilia|ie<l  iff 
obluit^  shot;  'M.  A  shell  of  aj-iiich  calil)eri  'Ml.  A  shell  voiitaiiiiii^  foitr 
fiises ;  4tli.  A  jtlaitwl  hide  thong  for  the  imrjtOHe  of  lioimeeting  the  line 
to  the  prqiec^tile. 

Tlie  iimrietliatc  eonne«tioii  of  these  detailn,  with  the  liiKtory  aiul  orijriD 
of  the  iiresent  service  pattfni,  Maiibj's  shot,  will  at  once  be  iiert-eivwl, 
tlie  pnijet^tile  now  utted  bi-iiig  of  ait  oblou^  form,  S^-iiirh  calitter,  coii- 
taiiiiiig  four  fiiites,  and  having  a  {ilaited  bide  thong.  Tliere  Ik  no  record 
of  the  exai't  fomi  in  whieh  Captain  Maiiby's  original  )>miK>BitionB  were 
adopted,  but  it  would  seem,  &oni  the  "Observations,"  &c.,  printed  re- 
specting liis  inventions,  as  if  the  mj^jority  of  them  were  approved  and 
introduced.  It  is  itertain,  liowever,  tliat  many  were  allowed  to  la|)se 
and  become  practically  obsolete ;  and  it  ap|>ears  that  the  two  projectiles 
most  nsed  were  a  s]diencal  24-iK)under  shot,  or  shell  flUe<l  with  lead, 
having  an  eye-bolt  rivete<l  to  it,  furnished  with  a  stout  twisted  hide 
thoug,  for  the  piuiiose  of  attuchiiig  the  roi>e,  and'a  grapnel  or  ohlMiR 
shot,  with  a  barlied  iron  staple,  to  which  the  roi»e  was  fastened,  projwl- 
ing  from  one  end. 

iSome  demand  for  tliis  class  of  stores  in  1857- '58  led  to  experimenta 
being  instituteil  by  Colonel  Boxer.  Superintendent  of  the  Royal  Labo- 
ratories, the  result  of  which  was  the  introduction  and  issue,  in  ISfld  or 
18li0  '*,  of  an  iuiprove<l  and  modified  Manby's  shot,  and  the  pattern  tben 
introduce*!  is,  with  the  exception  of  some  slight  alterations,  which  were 
Bubsequently  {in  1803 ")  made  in  tlie  thong,  the  i>re8ent  service  patteni. 

Spherical  Manby's  shot  are  not,  however,  altogether  obsolete,  a  iwttem 
of  a  fi-pouuder  having  been  degiosited  in  the  model-room  of  the  Boya) 
Laboratory  in  1862,"  to  govwn  the  supply  on  special  demand. 

Without  entering  ui>nn  s  detailed  description  of  the  different  plans 
pro]>osed,  trota  time  to  time,  tor  establishing  communi<ration  betweeu  a 
stranded  vessel  and  the  shore,  it  will,  perhaps,  be  well  to  mention  that 
Manby's  api>aratus  is  not  the  only  one  which  has  been  used  for  this  pur- 
l>ose.  The  following  passage  from  the  Encyclopwdia  Britainicia  will 
Buffic'iently  indicate  the  variety  and  scoi)e  of  these  inventions.  •  •  * 
[Here  follows  an  extract  from  the  Encyclop«?dia  Britannica,  alrcadv 
quoted  in  these  pages. — I*.  A.  L.]  •  •  ■  Kites  liave  also  been  sujr- 
ge8te<l  as  a  simple  means  of  carrjmg  a  line  from'*  a  wreck  to  the  shore." 
and  are  manufactured  for  this  puriiose  by  the  "  Shipwrecked  Mariiieis' 
Society,  London  Bridge." 

The  board  of  trade  emi)loyc<l,  to  a  great  extent,  until  1865,  Dennett's 
rockets,  in  pi-eference  to  Manby's  shot;  and  there  can  be  no  question 
that  the  balanceofadvantages  inclines  stronglytotheaideof  the  pockets." 

"  I  cannot  (iisrover  tin-  yreciiu^  (iiile  wlien  tlieee  sliot  w^w  iiitrmluft^,  but  it  apF"" 
that  tlie  fint  iiwur  iif  thpiii  were  iiinile  in  May,  1>^,  fi>r  tlie  uK  of  tl>«  ctwet  gpanlil 
LoneHtnt^ ;  nud  tliis  niarka  tlieir  limt  prarlicat  introductiiiu.  Tlio  iiropurtintiH  of  tliM 
Rhot,  eii<I  of  the  <liffereiit  ntoret.  fumn,  lium,  &r.,  which  to^tther  coustifiitf  a  c^' 
plete  "Maiiliv'»oiii>nnitiiii,"  wi-miot  ofllriallvdetei-niiiiedur  laid  duwii  until  thcifiu 
of  AiiKUNt,  l!Vii.    (See  War  Oftlfp  fii-cular  793,  i>ar.  633.) 

i*l:JthOetobcr,  IHfiS. 

"  I3th  Jaimnr>-,  1S63. 

"Eviileatly  tlit-y  art-  uot  t^iprally  available  fur  carrjiiijt  a  line  iu  the  other dire<- 
tion,  aa  the  wind  will  alDiiiiit  invarinlily  be  blowing  toward  the  shore. 

'•The  Times,  10th  of  December,  1864,  contains  two  lettent  on  t  be  aubjert. 

WRoi'ki-ta  are  more  portable,  ax  hIho  is  the  EtppHrittiia  ftom  whieh  they  are  lii*^ 
they  eniry  their  own  illuniinatiiifc  HKent,  and  are  thus  iiid(^)iendent  of  fuw«,  do  am 
reqiiire  hi>  lana  a  line  aa  a  ahot  fire<l  from  a  mortar,  where  the  anffle  of  elevatina  " 
greater ;  and  hnally,  are  niore  ai'ciirate,  owing  nriueipally  to  the  fact  that  the  den'^ 
"'—1  eanwil  by  the  action  of  the  win<l  upon  the  line  in  in  a  great  measure  corrwt*d  "J 

;x)ierimeuted  with  wd" 
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In  I860  a  rocket  propoaetl  bj-  Colonel  Boxer,  E.  A.,  was  adopted  by 
the  board  of  ti'ade  to  aujiersede  Dennett's  rocket,  to  which  it  is  ju-eferi-ed 
because,  "1st.  The  range  of  Colonel  Boxer's  rocket  is  little,  if  at  all, 
inferior,  and  in  every  other  respect  it  is  much  superior;  2d.  Tlie  com- 
bination of  Mr.  Dennett's  two  rockets  is  very  olyectionahle,  and  fi-om 
their  velocity  they  fre^jueiitly  cany  away  the  line,  and  sonietiiites  lioth 
do  not  ignite.    Tliey  are  also  double  tlie  expense,"'^ 

Tliese  rockets  are  fast  sui)er6eding  Manbj's  shot  at  all  stations,  and 
the  latter  may  shortly  be  expected  to  become  entirely  obsolete. 

There  are  two  natures  of  Manby's  shot  in  the  service,  the  21-pounder 
oblong  (PI.  XXXVIII,  Fig.  1),  or  "cylindrical,"  and  the  ((-i»oiu)der 
spherical  shot.  They  are  designated  24-i)ounder  and  6-]>ouuder,  respect- 
ively, from  their  calibers,  not  from  their  weights.*' 

The  21-iKiunder  oblong,  or  "cylindrical"  Manby's  shot,  is  a  cast-iron 
cyiindro-couoidal  projectjle,"  with  a  slightly  rounded  base,"  and  about 
li  calibers  in  length." 

The  shot  is  drilletl  down  its  longer  axis  for  the  reception  of  a  wrought- 
iron  bolt,  which  passes  completely  through  the  projectile  from  end  to 
end,"  and  projects  about  five  inches  beyond  the  base,  terminating  in  an 
eye,  to  which  is  attached  a  plaited  hide  thong  2  feet  in  length.  Four 
holes  (PUte  XXXVIII,  Figs.  1,  2),  for  the  reception  of  "fuses,"*'  are 
drilled  into  the  shot  at  the  base,  equidistant  from  one  another  and  from 
the  center  of  the  base,  and  sUghtly  inclining  inwards.**  These  holes  are 
Mnnliy's  und  DpIfiKne'ti  aliot  against  Deuiiett's  9-pouiidcr  rockets,  and  "the  result  was 


a  general  eoDvictiou  on  tlie  mind  of  everybody  present,  auil  shared  by  Mr.  Delvipie, 
of  tli<- K^^at  saperioritj' of  the  roi'    '  "'  " ""       "    --'      -" 

Tiie  iwketH  were  fired  sinplj-  a  ,       , 

"The  Biii(;Ie  rocketB  earned  a  line  240  yftnis,  the  double  rockets  370  yards,  with 


e  great  saperioritj-  of  the  rockets  over  either  of  the  other  iilaiia." 
e  rovkets  were  fired  singly  and  ill  con|ileti,  at  an  aiifcle  of  from  "" 


gre»t  Hteadinew  of  night,  anil  with  less  length  and  weight  of  line  in  proi>ortio&  carried 
out  than  the  pieces  fired  at  45°. 

"Tlie  ran)^  obtained  with  Manby's  apparatus,  charge  13  onncen,  was  200  yards;  and 
with  the  game  raortar  firing  Mr.  Delvigne's  elonRated  shot  waa  185  yanls.  The  same 
shot,  however,  fireii  from  the  rilled  5i-iiich  howitzer  at  28°,  with  10  ounces,  attaiued  a 
ranEe  of  296  yards,  but  the  lino  broke  three  times," — (Kxtract  from  Reports  and  Pro- 
ceediiigfl  of  Ordnance  Select  Committee,  vol.  i,  p.  199. ) 

Ou  the  siilijcct  of  the  employment  of  Tuckets  for  carryinp;  a  line,  sec  a  work  piibliahed 
at  Ht.  PeterNbnru,  endtlcit  "Application  dcs  FuwScB  au  jot  dea  Ainarres  SauvetHge,  par 
G^n6ral-Maior  Konstantiuoff,"  which  coiitaios  a  good  deal  of  information  upon  this 
Biitijrct,  and  explains  the  construction  of  a  rocket  proposed  by  the  author  for  thhi  pnl- 
l>ose.  very  aimilar  to  the  Boxer  life-saving  rocket. 

"Report  of  Captain  Robertson  to  tlie  board  of  trade.  Tlie  constnictiou  of  this 
rocket  and  of  the  anparatns  which  is  issued  with  it  will  bo  described  in  the  section  on 
rockets  in  a  succeeding  volume  of  this  work. 

«  For  weights,  see  farther  on. 

"  Perbapa  more  strictly  an  obtuse  cylindro-ooival. 

"  It  is  difflcalt  to  say  whether  this  end  shonld  properly  lie  calle<l  the  "  hose,"  or  the 
"  upper  end."  When  the  projectile  is  placed  in  the  piece,  this  end  is  toward  the  luue- 
zle,  and  is  therefore,  strictly  speakinR,  the  "upper  end," but  the  shot  changes  ita 
]KMitiiin  <m  leavinj^  tlie  piece,  and  what  was  the  front  of  the  shot  in  the  gun  becomes 


the  base  or  hinder  part  ilnring  its  passage  through  the  air.     Therefore,  and  an  the  term 

_      _.  .  dightly  r 

I  descrihinic  the  form  of  the  base,  but  have  selected  the  former  as  conveying,  perhaps, 


_ _ se,  I  havedesignated  this  end  the  "haRc"of  the  projectile. 

e  also  hesitated  between  the  terms  "slightly  rounded"  and  "nearly  Battened" 


a  rat  her  more  correct  improssion  of  the  actual  Bhai>e. 
^  For  actual  dimensions,  see  Plate  XXXVIII. 
»  A  reference  to  the  drawing  of  the  section  (see  Plate  XSXVIII,  Fig.  2J,  will  show 


ispositior 
■'  3iore  properly  lights  (ridr  in/ra). 
"The  inclination  given  isjtut  sufficient  to  throw  the  flame  of  the  burning  "fuses" 
free  of  the  hide  ttaoug. 


.y  Google 


296         BEPORT  OP  THE  CHIEF  OF  ORDNANCE. 

conical  in  form,  and  are  about  the  same  diameter  as  the  fiise-holcB  of 
the  13  and  10  incli  mortar  sliells.**  Tliey  are  alwut  3J  iiichea  in  length 
and  are  roughed  in  the  interior  to  affoi-d  a  better  liold  to  tbe  fiises.* 

Tlie  hide  thong,  or  "  sti-oj),"  which  is  fastened  to  the  eye-bolt,  is  made 
of  fonr  strips  of  raw  liorse-liide,"  doubled  throucli  tlie  eye  and  tightly 
plaited,  the  plait  being  further  secured  by  being  stitclied  in  several 
places  with  hide.^ 

The  end  of  the  thong  is  forme<l  iuto  a  loop  whicli  is  tightly  woolded 
with  flue  tanwl  spun-yarn,^ 

Tlie  shot  and  bolt  are  painted  black  before  issue  j  the  thong  is  un- 
painted.     These  projectiles  weigh  (with  thoug)  almut  30J  pounds. 

Tlie  C-ponnder  spherical  Mauby's  shot  is  rarely  demanded,  and  is 
scarcely  to  t>c  considered  as  a  service  projectile.  It  consists  of  a  dia- 
phragm shell  filled  with  lead,^  and  liaving  an  iron  loop  fixed  into  it,  to 
which  is  attachetl  a  thong  similar  to  that  of  tbe  oblong  projectile.  This 
shot  has  no  fiisc-holes.  It  is  i»iinted  black  betbre  issue,  and  weiglis  about 
8  pounds. 

2.  Action  of  the  Manby  ohlong  shot. 

The  action  of  the  oblong  shot  is  as  follows:  The  end  of  a  line"*  is  made 
fast  to  the  loop-hole  of  the  thong;  the  rest  of  the  line  being  carefiilly 
coile^I  either  in  a  basket  or  npon  the  gmnnd  or  deck,"  and  a  fuse  (Plate 
XXXIX,  Figs.  1, 0}  is  placed  in  each  of  the  fonr  holes  made  for  the  pur- 
pose. 

The  ftises  being  uncapped,  the  projectile  is  placed  in  the  piece^  with 

"  F(iT  tlie  Actiinl  diiuensioiiH,  Hei>  I1at«  XXXV'III,  Fig.  '2. 

"Thia  TOllchliig  is  not  effectnl  in  the  (uine  wny  hh  iu  mortar  BbfllB.  Iiy  means  of  a 
■ort  of  thread,  but  Is  <loiie  by  cutting  »  number  of  (diallow  grooves  about  0.2  iuch  span 
orouiiit  the  niUca  of  tlie  holeit. 

"The  hide  is  prepare<l  with  lime,  andist^'ehnicnlly  kiio'WDas"horse-hide-rair-]intP.'' 
The  Htripa  ore  cut  with  a  tapering  tvwitrd  each  eiid,  so  as  to  give  tfaeTe<inire<l  ta|ieria 
the  thoiiK  mhen  completed.  In  the  liistnry  of  this  projectile  it  has  been  mentioned 
that  Cnpi-nin  Man  by  tiied  several  materialH'for  the  tboug  liefore  he  adopted  hide,  sd<1 
it  is  deserving  of  uotice  that  Captain  Jeminghani,  K.  N.,  who  carried  on  a  large  unni- 
bnr  of  experiments  with  the  apparatus,  )irctenv<l  manlla-rope  thongs  to  hide.  In  i 
report  upon  the  snbject  he  says,  "  i^tropa  of  maiula  rope  ireTe  fonnd  to  tte  the  dhib( 
Berviceabte." — (Captain  Jeruingham's  report',  Her  Majesty's  ship  Cambridge,  Devon- 
port,  April  OT,  1B60.) 

"  In  a  4-plAit  of  donble  hide.  The  hi<le  Icdowu  teehieally  im  "  whit*  hotee,"  or  "nhit 
leather,"  is  used  fbr  this  purpose ;  it  is  the  same  material  as  is  nsed  for  whip-tboneii. 
Until  1863  flue  wire  wiw  nseil  for  this  purpose ;  bide  is  preferred  to  wire  becanse  tlie 
latter  bad  a  tendency  to  cut  the  tboug. 

"  It  was  not  woolded  until  1863 ;  by  wooldiiig  the  end,  any  chance  of  the  Hoe  being 
cut  is  dimiuisbi-il. 

"  Diiiphragra  Hhi'lls  are  used  becaose  there  are  no  other  sheila  of  (his  cnlibo' ;  and  it 
hasnot  been  thought  necessary  to  mannfactnre  a  separate  projectle,  when  adiaphragm 
shell  answers  the  purpose  perfectly  well. 

"Tlie  line  gcnerallv  nsed  is  a  "deep-sea  line";  but  there  is  issneil  with  each  apps- 
mtns  113  fathoms  of  l^inrh  rope.    (See  War  Office  circular  793,  par,  633. ) 

"The  coiling  of  the  line  M>  that  it  may  run  out  free  witbout  check  is  a  wsttenif 
considerable  importance.  There  are  >»evcral  way»  of  coiliug  it :  in  a  basket,  or,  if  ibe 
beach  be  even  and  free  from  largn  stonee,  as  follows  :  the  length  of  tbe  fakes  not  w 
exceed  two  yanls  (Fig.  1,  Plate  XLIX),  as  if  they  are  longer  the  rope  isuioro  liable  to 
be  broken  "  liy  the  proportiuiiately  iiicreaseit  vibration."— (Instmcttona  for  the  use  of 
Manby's  apparatus.) 

Aiiothei  way,  as  used  in  the  whale-fishery,  is  as  follows:  [Shown  in  Fig.  2,  PUta 
XLIX.— U.  A.  L.] 

A  third  method,  called  "chain-fsking,"  is  sometimes  emploved.  [See  Fig.  3,  Plate 
XLIX.— D.  A.L.] 

A  fourth  niethnfl  is  shown  in  Plate  XL,  Figs.  1,2. 

"A  51-inch  (Cuehom)  luortnr  special  Iv  preparHl(witba  crute.b  for  firing  qulll-ftictimi 
tubes),  was  nseil  for  proiwtiug  these  shot  (see  W.  O.  C.  7m,  para.  598)  until  186<i,  bnt 
by  Ul-i-ee,  51-20-8742,  it  was  intiiitatcd  that  metal  friction  tubes  might  be  iisctl  wilb 
theui.    On  an  emergency  they  could  be  fired  from  a  34-poiiuder  gun  or  howitzer. 
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its  base  towanl  the  muzzle,  awl  ui«n  the  discharge  of  tbe  irieee  carries 
out  the  line,  one  enil  of  which  being  retained,  a  coniiniinii'atioii  ia  thus 
established  between  the  vessel  and  the  slioi-e.  The  use  of  the  liide  thong 
is  to  remove  the  line  from  tlie  iuiuie<liate  tiasli  of  the  discharge,  and  so 
prevent  it  from  being  bnrnetl.'" 

The  liises  sene,  by  the  bright  light  which  they  give  forth,  to  indicate 
the  path  of  the  shot  and  guide  the  Uriiig  party  in  laying  the  pieee.  The 
strength  aud  direction  of  the  wind  must  be  considered  hi  determining 
the  direction  to  be  given,  the  trajectory  being  atfected  by  them  to  a  very 
great  extent,  owing  to  the  inllueuce  which  the  wind  has  u])on  tlie  Hue. 

With  deep-sea  line,  and  witli  the  onUuary  charge  of  12  oimees,  tlie 
range  varies  thim  400  yanli*^  dowiiwani,  according  to  the  strength  and 
direction  of  the  wind." 

The  tt-ponuder  is  used  in  the  same  way,  with  tlie  exception  that,  hav- 
ing no  fuses,  the  oi>eration  of  fixing  and  imcappiiig  them  is  disi>euBed 
with.** 

These  projectiles  are  mainly  used  to  establish  a  communication  between 
the  shore  aud  a  etranded  vessel,"  but  the  principle  is  ai»i)licab]e  to  a 
variety  of  other  puiTiose-s,  &c. 

3.  Charges  ftrr  yfanbt/'s  sliot. 

The  maxunum  charge  for  the  li4-pounder  oblong  Manhy's  shot  is  only 
12  ounces,  giving,  with  HP  of  elevation,  a  range  fi'om  400  yards  downward, 
according  to  the  strengtli  and  direction  of  the  wind.'  If  a  higher  charge 
is  used,  the  line  is  generally  broken.'  There  are  uo  data  on  the  subject 
of  the  charge  tor  the  (i-pounder  spherical  Manby's  shot.  ("Ammunition 
(English),  1867,"  by  Captain  Majendie,  B.  A. 

I  beiiiir  bimieil  liy  Ibo  "ik 

n  the 
method  bninglit  into  use  by  G.  W.  Manby.) 

*'Id  aume  eiperimruttt  curried  on  in  the  Koynl  LnlKiratory  ,1859,  with  a  charge  of  12 
onncen,  eleratiou  49'^,  the  rouge  vnrieit  from  260  lu  400  yanls. 
'"^  r  the  Manby  24-| ion niItT  cyliuilrical  Hhot  the  ('hari;c  Ih  13  ouuces,  giving  n  range 


of  abont  300  yantn."— (Cajitsin  F'razer's  Notes  on  Mnti<nt'l,  i>,  6.) 
In  Csptsin  Uanby'H  Obienraliinw,  leitk  IMmtium,  4v.,  hti  given  the  fhllowiiig  ebarges 
iniieti  for  the  Hpherical  iM-pounder  shot.     (Ah  thin  shot  eousiateii  of  a  sliell  of  &^ 


inches  raliber  filled  with  lead,  it  uiiixt  have  weighed  eoiidideralily  over  34  pouuiU,  Mid 
probably  was  abont  the  HHme  weight  A«  the  jiTeHent  oblong  34-|Hinnder). 


Cbarse. 

WWh^d^p-Ka 

With  It-Inch 

32C  T*i4* 

SSIS:::::: 

imranb. 

"Auiiotim 
attached  U 

"No  charfce  ie  laid  down  for  the  &-pou)ii1eT,  nor  ore  there  any  data  to  enable  me  to 
assigu  evFii  ai>ii">'ii"*'e  chargeit  mid  rangei  to  tbiH  pTojectile. 

*iWith  reni>ei't  to  tliin,  llie  uatiinil  anil  siiiiplcst  a pjili cation  of  the  pmjectile,  the 
Tftlne  of  the  invention  will  Ih)  more  teortily  perceiveii  if  we  bear  in  mind  that  "the 
inoM  fatal  caiws  of  nhipwreck  and  the  inoHt  thijuent  are  (lioHe  which  occnr  within  the 
dJxtanee  of  from  300  to  60  yards  off  ilie  land."— (f>A«Fmi((i>ii*,  4f.) 

Captain  Manby  <|uoteii  deveral  inatanot'H  in  which  lives  linve  lieen  naveil  by  hirfan- 
paratus;  aiiit  dnnlitlem  onr  naval  annnlH  and  the  reeordtiof  tbe  Ijoatdof  trade  would 
afford  many  other  inntanees  of  ita  nncceictful  appliratiou. 

'  ride  sNjmi,  fuut-note  39. 

*In  some  eiprrimeHli  which  were  carried  on  in  the  Royal  Lalmratory  at  Woolwich 
iu  1659  with  elongated  24-nonnder  Manby's  ahut  aud  deeii-Hea  line,  the  liiiu  broke 
with  a  1-poiind  eharge.  With  a  Htont«r  line  tliau  deep-aea  line  (l^-iucli  rope,  for  iu- 
Btanix)  a  heavier  charge  might  pcrhaiis  be  uaed. 
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4.  Fuse/or  Miiiibif'ii  shot. 

ft.  Old  iiuttt^ni  fuse. 

Tlie  Miiiihj-  fiise  was  adopted  at  the  same  time  »«  tiie  Manby  shot,  viz, 

about  IS-W  or  18U0,  bwt  no  official  appmval  of  the  fuse  is  to  l)e  lound  until 

1862.    All  altei'atioii  wax  efiW;te<l  in  thin  fuse  in  1864,  when  the  piwrat 

iiatteni  with  pHX>er  lining  wa»  intitHlueed.     (Anmiunitiou,  1867  (Eng- 
iBh),i>.  238.) 

h.  Xcw  pattern  fin*e. 

The  fuse  for  Manby'n  nhot^  (Plate  XXXIX,  FigH.  1  to  0)  is  a  frnstom 
of  a  large  niortJir-fiiae  cone,  taken  at  its  ttiicke»t  jtart,'  and  ratlier  over 
three  inches  ia  length.  Tlie  voni]>oHition  bore  is  couceutric  with  tbe 
longer  axis  of  tlie  fuse,  and  is  cousi<lerably  larger  in  diameter  than  that  of 
the  mortar  fuse,'  in  order  to  increase  the  ipiantity  of  burning  composition 
and  the  illuminating  i>ower  of  the  fuse.  Theeonii>osition  bore  is  liuedvitti 
a  hollow  cylinder  of  rolled  paper,*  to  prevent  the  fuse  exploding  on  the 
principle  of  a  tube,  iu  the  event  of  the  wood  shrinking  away  from  thf 
t«nipOHttion.*  The  comi>osition  bore  is  pre»jie<i'  or  driven  with  2.5  iufh« 
of  solid  fuse  composition,  matched  (Plate  XXXIX,  Figs.  1-5},  primed, 
bored  into,  and  capped  (Plate  XXXlX,  Fig.  C),  like  a  large  uiortar 
fuse. 

The  Manby  fuse  contain.s  no  side  holes  or  powder-channels,  not  beiiiB 
intende«l  to  lie  pi-eijaied  for  any  particiihtr  time  of  burning.  Tlie  jiom- 
tion  of  the  tirst  and  second  inches  are  indicated  by  rings  cut  round  the 
fuse. 

The  fnse  is  painteildrab  alloAer,  except  the  cap,  which  is  not  x>ainted; 
a  black  ring  is  painted  round  thejiuietion  of  the  cap  and  fuse. 

They  are  marked  with  the  numeral,  number  of  tliousaud,  and  month 
and  year  of  issue  in  the  usual  way. 

These  fuses  are  intended  for  use  with  Manby's  24-pounder'  life-samgr 
apparatus  at  night.  They  are  placed  in  the  hole^t  prepared  in  tlie  hase 
of  the  shot,  fonr  foses  in  each  shot,  and  being  uneajiiwd,  become  igni(«l 
by  the  flash  of  the  discharge,  and  ser\-e  to  distinguish  the  i>atli  of  the  shot 
througli  the  air  and  indicate  any  error  that  there  may  lie  in  '*  laying' 
Strictly  si)eaking,  therefore,  they  are  rather  lights  than  fdses.* 

The  Manby  fuses  are  issued  in  zinc  cylinders,  10  in  each,  with  apapci 
containing  the  tbllowing  printed  directions  for  use : 

Via  the  fimps  firmly  in  the  Bli<it  with  the  mallet  and  setter.     Remove  the  caps  fro"" 


tlie  fiMCH  by  K'^'ioK  "i^  tape  a  sharp  pull,  when  the  shot  is  readj'  fur  ttrinji. 

Note. — Care  miiitt  Ix:  tulceu  to  pro*    "  "     — '~' <■-■     "-  -    ' ■--- 

mnnltiou  (EiiKliolOt  l^(>^i  P-  ^0) 


Note. — Care  miiitt  Im:  tujkeu  to  pn>t«ct  the  prlmiuj;  of  tlie  f\iHe  from  moisture.— (Am- 


■Present  pattern  (with  pajM-r  lininn),  (Hiopteil  Hth  Fehruarj-,  18G4.—[Wsr  Office 
Circular  No.  1  (new  series),  par,  ifia,  KeHpectitiK  adoption  of  original  pattern,  «* 
*i>pm. — D.  A.  L.] 

'As  nearly  as  possible,  the  larffest  diameter  of  the  mortar  Rise  is  1.565  ineheu;  thiil 
of  the  Msnliy  fuse,  1,59  inebes  ;  the  develuliinuut  of  coup  of  the  twofnsefliH  the  MUnf. 

'The  bore  of  the  mortnr  fnse  is  .37  ineh  in  diameter,  that  of  Mnnby's  fnw  .75  (dim*- 
arinK  outside  of  pajier  lining),  or  .6  inch  (mea«uriu)(  iuaidt  of  pajier  lining). 

^lOO-pound  p»]>er. 

»  "  I  tind,  in  eoiisei|uenee  of  the  lai^n«tw  of  the  l>ore  for  the  eomponition  of  the  MmI'J' 
fnse,  the  w<hh1  is  lialile  to  shrink,  snd  thus  caum-  the  fuwe  to  expWe  instead  of  bafj 
inif,  ToobTiate  this  I  prownte  to  innert  n  paper  lining  similar  to  that  tisediniuyiuvi 
timo-fuse." — (Letter  from  Colonel  Boxer  to  Director  of  Urdnsntv.  21  Januarr,  l^'i 
This  alteration  was  adopteil  14th  Febrnary,  ia64.— (War  Office  Circular  No.  I  (ns" 
series),  par.  P75,) 

'Bv  liydranlic  presnurc, 

'The  6-i)0uniler  Manby  shot  have  no  fuse-holes. 

•These  fuses  linni  I'Jj  hm^oiiiIh.     Limits  V2  to  IJ  seconds.— <Amum„  1867,  p.  S%) 

[N.  B. — Som<3  unim|iortaut  foot-notes  have  been  omitled  in  making  this  extract.' 
D.  A.  L.] 
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CHAPTER     II. 
FRENCH  LIFE-SAVING  GUNS  AND  PROJECTILES. 

The  French  Ufe-sa\nnK  ser\nc«  is  in  the  hands  of  the  "  Soci(5t6  Centrale 
de  Sauvetage  des  Naiif'rages,"  and  according  to  Capt.  R.  B.  Forbes,  of 
Milton  Lower  Mills,  Mass.,  this  society  only  dates  back  to  186,5. 

Two  pieces  of  onliiance,  "  le  perrier"  and  I'espiugole,"  have  been  used 
by  the  French  society  for  projectinn  lines  over  shipwrecked  vessels. 

Below  are  given  the  princii>al  weights  of  these  guns,  projectiles,  and 
charges,  together  with  the  greatest  ranges  obtained  by  an  experiment-al 
commission  of  French  officers  in  18(J(i, 

Lt  ptrrier. 

Weisbtofgun 83  kilos.  I82.9d  imuiids. 

Elevation 30°  30° 

Weight  of  powder  charge 140fl7ania.  4.93  ounces. 

Weight  of  projectile  (fliche) 5  kilos.  ll.oa  i>ounds. 

Extreme  nnge 325  meters.  35S.43  yards. 

Deviation 17  meters.  IS. 59  yards. 

Diameter  of  shot-line 4.5  millinjetars.       0.1773  inch. 

Vapingoh. 

French.  Euglbh. 

Weight  of  gun 20  kilos.  44.09  poimds. 

Elevation - -.  25  degrees.  25  ilcjiirocs. 

Weight  of  powder  charge SOerams  1.76ouncer, 

Weight  of  projectile  (flfeehe) 2iili«i.  4.4  iwunds. 

Extrerae  range leOmetiTs.  196.85  vards. 

Deviatian 36  rnvXem.  39.37  yards. 

Diameter  of  shot-line 4.5  millimeters.       0.1773  inch. 

In  theirrei)ort  of  November  17, 1806,  the  French  coramisaiou  appointed 
to  consider  the  subject  of  life-saving  apparatus  expresse^l  the  opiuion  that 
le  perrier  with  a  projectile  weighing  5  kilograms  (11,02  pomid.s)  and  140 
grams  (4,93  ounces)  of  ijowder,  for  ranges  of  300  meters  (328.089  yards), 
and  r&tpingole  with  a  projectile  of  2  kilograms  (4.4  pounds)  and  50  grams 
(1.76  oanoes)  of  i>owder,  for  ranges  of  180  meters  (196.853  yards)  and 
l»elow,  would  be  sufficient  for  all  their  needs.  The  French  recognized 
the  fact  that  a  tine  4..5  milUmeters  (0.1773  inch)  in  diameter  will  require 
a  larger  line  to  he  haided  out  to  the  wreck  before  attaching  the  "  whip  " 
or  hauling-liue. 

Delvign^s  gun. 

More  recently  M.  August  Dehigne  invented  a  gun  for  projecting 
line-carrj'ing  arrows.  The  following  description  of  this  piece  is  takeu 
from  Capt.  R.  B.  Forbes's  work  eutitled  "  Life-boats,  i)rojectile8,  and  other 
means  for  saving  life,"  published  iu  1872. 

The  new  piece  of  ordnauce  got  up  by  Dclvt^e,  weighs  only  80  kilon.,  is  made  of 
guD-metal,  almost  a  strnight  cjlinder,  alioiit  18  iui:hes  long,  and  has  an  imn  tnil-pioce 
screwed  into  the  brewli  and  jointed,  an  that  in  tiring  it  is  simply  tlinist  into  the  soil 
iiutil  the  sqnam  breech  brings  np;  the  elevation  is  legntateil  by  a  quadrant  and  pUun- 
metpnt  into  the  mnzzle;  the  bore  is  about  liiueli,  orhalfthat  of  theiierrier;  the  piece 
carnes  wooden  arrows,  fitted  with  an  iron  tail  to  reach  the  charge,  and  at  the  muisle 
tlie«e  are  innch  larger  than  the  tail-fiireo,  so  that  the  shock  of  the  exiilosion  operates 
on  the  nqnare  base  of  the  arrow,  which  is  protected  by  a  ring  of  luetal. 

In  londiDg  this  piece  a  vacant  space  is  left  as  in  the  others  {fc perrier  niid  PfK)>ingolf), 
aud  the  cartridge  is  fired  near  its  out«r  end ;  the  piece  Iwiug  very  short,  this  brings 


300        REPOHT  OF  THE  CHIEF  OF  ORDNANCE. 

tbe  vent  alioiit  in  tlic  ci'iiter  (if  (lie  lt'ii;(tli.  Tlie  imu  nrrows  nre  a1)oiit  one-third  Ion- 
aer  than  th<<  gnu,  mill  iilmut  half  llii-  )i'iit:th  of  thp  iittoiv  is  iu  tho  (tii'i  whtn  ready  l« 
fire.  The  atlvniitaKPN  rlHiuieil  Iiy  I)i>lvi)(ui<  iu  tliin  tittle  i>iec<^  over  the  lotippnTirr 
mid  retpingoU  are  itH  ch«Hl>iii>M*i  uiiil  jiurtiiliility,  wliile  with  HiitHeieut  char)^  it  p^m 
an  e<[nal  or  bttti^  range ;  IieHiilcn  the  nniHlen  anil  iron  arrows  he  fires  a  ivooden  »n\>v 
ont  of  the  perrier  or  almoHir  any  gnn,  whieh  haa  cniiw-liiirit  of  round  iron  made  mallea- 
l>le  to  reniitt  the  nhoi-k.  Tlipite  [Tom-jiiei'es  are  fixed  at  riftht  niifileH  to  the  airov.  ursr 
the  oiitiT  end,  nnd  are  about  as  hiii){  aH  three  dinnieters  uf  the  rnrnw.  It  in  fouiid  That 
ill  flriliK  tliiH,  the  rrOHB-pieeeB  are  bent  to  an  angle  of  about  forty-Hve  degrees  wilb  Ibc 

flane  of  the  nrrow,  and  thus  form  an  anchor  or  grapnel,  nsefyil  for  many  pmpaMW. 
saw  one  pnijected  at  Vineenues  abont  two  bniulred  yards  from  a  four-pound  ridi^ 
gnn,  trhich  belli  ou  to  the  will  siifflcientty  to  llave  broken  the  line  uf  alioiit  inch  stiiA', 

Having  lirieOy  deeeribt'd  tbe  various  arms  in  ann  in  Franco  for  c««ting  Iidm.  it 
becomes  noccssary  to  go  a  little  into  detail  as  to  the  means  of  attacMng  tbe  linn. 
which  without  due  knowledge  aud  practice  of  the  system  will  be  quite  uselens. 

The  wooden  "lltehes,"  or  arrows,  are  made  lioth  ronnd  and  eiRht^Hqunre ;  the  (nmier 
must  be  ocrumtely  tnme<l  and  the  latter  planed  true ;  therefore  the  latter  ate  imiit 
siinple  and  easy  to  make  on  board  ship,  or  on  shore. 

Tne  "coulant,"  or,  literally,  nUdrr,  cousistsnf  half  a  dozen  turns  of  tine  put  oneomp' 
thing,  OH  a  whipping  is  pat  on  a  rope,  only  the  ends  overlaid  liy  the  rest  niuvt  be  Itfi 
out,  BO  that  the  tnrus  can  easily  lie  pulled  lout ;  much  depends  ou  Ibis  lieiug  doD« 
right;  if  the  turns  ore  too  tight,  the  liecket  with  its  double  bight  and  the  linnmovu 
too  slowly,  and  the  "coulant"  jams  half  way,  caiuiiug  the  Ahcha  to  wubble  and  tain 
over;  aud  if  put  ou  too  lon«n,  it  runs  down  when  the  gun  is  fired,  so  fast  aa  to  bntl 
when  it  arriveM  »t  the  prcijei'ting  fl'^^lll^  at  the  base.  It  is  not  too  much  to  say  Ibal 
aU  depMids  oil  this  Ijeing  ilnne  right ;  the  fidclie  should  be  slightly  greased  and  Iht 
line  either  flrrd  front  a  ball  or  from  the  gnnind,  as  iu  mortar  exercise.  Practice  liu 
made  this  m>  perfect  that  iu  FTaur«  failures  seldom  occur  friim  this  canse. 

Arrows  of  wood  have  the  advantage  of  Hoatinu  if  tliey  drop  near  tbo  wTcck,  an<l  of 
being  r«iMli1y  recovered  when  they  gii  lieyoiul  or  fall  short.  The  iron  flbche  in  iiilemM 
for  hnig  rongeii  nr  stroug  contrary  winils.  The  dintance  deiM-udii  so  much  on  weatlipr. 
on  the  amount  of  charge,  elevation,  uud  the  line  nmniug  clear,  that  I  will  onlj'  avj  it 
Turiea  from  180  to  350  meters  (HW.ttS  yanls  to  3H3.77  yards). 

Ill  1872  Delvigne'a  new  ffun,  weighing  20  kiloa.  (•14:.09  pounds),  gate  a 
range  of  300  meters  (328.00  yiirdfl),  witb  a  wootleii  fliclie  weighing  S 
kilos,  (17.63  ponnilK),  and  a  sliot-line  8  millimoteni  (0.315  inch)  iu  diam- 
eter. 


CHAPTER    III. 

Section  I.  S-DTCH  PAEROTT  MORTAH— SMOOTH  BORE. 

1.  Desckiption. 

This  mortar  is  the  invention  of  Mr.  R.  P,  Parrott,  of  the  West  Pmnt 
Foundr>-,  Cohl  Spring,  Jf.  Y.  It  is  made  of  cast  iron  and  lined  witJi  a 
steel  tube.  Tlie  piece  is  cylindrical  about  the  seat  of  the  charge,  gradu- 
ally tapering  to  the  face  of  the  muzzle.  The  breech  is  hemiapliericaL 
The  trunnions  are  placed  near  the  breech  ;  their  projection  upou  a  plan* 
through  the  vent  and  axis  of  the  bore,  being  in  troTit  of  and  tariKnf 
to  a  plane  ]>erpendicular  to  that  axis  and  containing  the  front  eiid  of 
chamber.    The  chamber  has  the  form  of  tbe  frustum  of  a  cone. 

2.  Shot. 

The  projectile  is  of  cast  iron,  cylindrical,  with  the  eiMln  rounded.  Ad 
eye-bolt  is  screwetl  into  tbe  base  for  the  attachment  of  the  line.  The 
eye  of  this  bolt  is  close  to  the  base  of  the  shot.  The  cylindrical  portion 
in  turned  in  a  lathe  so  as  to  be  almost  a  perfe4-t  fit  for  the  bore. 
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3.    SAFETY-ATTACnMENT* 

Tliis  contrivance  coiisists  of  a  piece  of  rubl»er,  rectangular  in  (M-oas-sec- 
tioii,  about  1'  long,  0".75  wide,  and  0".5  tliiek,  and  of  tlii-ec  or  foui*  galva- 
nized-iron  wires  about  6'  long,  laid  i»arallel  to  eaeli  other,  loosely  twiateil 
and  coiled  into  a  lielix  of  trom  lij  to  19  turiiH.  The  rubber  straii  is  some- 
times plaued  inside  the  coil,  and  at  others  outside  of  it. 

This  combined  strap  and  spring  in  int«ri*08ed  between  the  shot  and 
line  in  firing.  The  object  of  tlie  combination  is  to  absorb  the  shock  of 
the  discharge  aurl  tlius  prevent  tlie  breakage  of  the  line,  by  letting  the 
first  jerk  come  upon  the  rubber,  which  will  generally  break,  and  then 
ui>ou  the  coiled  wire  spring.  Tlie  wires  will  be  straightened  out  before 
the  full  strain  falls  upon  the  line.  ,—  ^. 

i.  DlMESSlONS,  WEIGHTS,   &C,  ,^.   '  'j 

3-iRcA£.  P.  rarrolt  ml>l■tar.^  '•''■'■. 

Exterior  diametrr  nt  l>rpech 8.2  tiiPhw. 

Kxt»rior  dianiot^r  at  mnzzle 5.U  incbM. 

6t«el  tube :  Thicktiess  of  wslls 0.6  iuch. 

Thick iieHB  at  bottom  of  cbftubuT 1.4  luche*. 

Tbicknrm  of  cast  iron  at  bret^li , , II  iuoUes. 

Total  thicknmH  of  inctnl  at  breech,  iron  and  ntcel 4,4  inchefl. 

Diameter  of  bore 3  inotieH. 

Chamber,  fraetnin  of  couc:  Lengtb 0.9  inch. 

GroHtent  diameter 3  incbea. 

Leant  dininetcr 1.4  iucUeo. 

Weigbtof  mortar 201.r>  jioumlH. 

Weigbt  uf  carria)!^,  iir  be<l,  wood,  about I>5.5  iioiiudH 

Total  weight,  luui-tar  and  lieil - 287  ponnds. 

JVojee/i?r. 

Length 14.9&inch«H. 

Diameter,  ncant : 3      inchps. 

Weight  with  aafety-attaciimeiit 24      poiuida 

The  writer  is  indebted  to  Mr.  Kemble  of  tlie  firm  of  Paulding,  Kemble 
&  Co.,  for  the  above  information  in  regard  to  the  Parrott  mortar. 

5.   EXPEBOCENTS   WITH    3"    PABBOTT    MOBTAB,  MADE    AT    THE  WEST 
POIMI   POUNDEEY,  COLD   SPEESG,  N.  Y.,  JUNE  20,  1S77. 

This  trial  took  place  under  the  immediate  supenision  of  Capt.  J.  H. 
MeiTj'man,  U.  S.  Eevenne  Marine,  inspector  of  the  life-saving  service, 
and  in  the  presence  of  Mr.  S.  I.  Kind>all,  of  the  Treasury  Deiiartment,  gen- 
eral superintendent  of  the  L'nited  States  Life-Sa\-ing  Service.  Tlie  writer 
also  was  present. 

a.  Firinggroxtnd. 

The  firing  was  done  over  a  marshy  piece  of  ground ;  the  mortar  being 
placed  upon  a  raised  platfonn  near  the  edge  of  the  marsh.    A  flag  was 

"Thin  device  wiw  iuTenti^  by  C'aiit.  Douglas  Ottinpr,  of  tlie  Revenue  Marine,  in 
the  coiirne  nf  bin  exiwrimentti  at  the  West  Point  Fonntlry.  It  in  ref(Tre<l  to  by  Mr.  8. 
I.  Kimball,  in  Ida  "  Annual  Report  of  the  Operations  of  the  United  States  Life-Saving 
Service,  lere,"  p.  24. 

tMr.  Parrott  eouHtructed  two  mortars  of  larger  caliber,  one  for  the  station  at  Peaked 
Hill  Bar  and  the  other  for  a  ntation  a^VJacent  to  it.  upon  Ca[>c  Cod,  Mass. 

The  following  data  ore  available  in  regard  to  tlu.'se  two  mortars,  viz : 

Caliber,  3.5  incbes;  weight  of  mortar,  300  pounds;  weight  of  )>ed,  232  pounds; 
total  weight  of  mortar  and  lied,  532  pounds ;  weight  of  projectile,  33  pounds;  charge 
of  powder,  S  ouavvs ;  range,  496  yards. 
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pORt«(l  400  yards  distant,  to  indicate  tlie  direction  to  be  obsei 
pointing.  After  each  shot  a  man  was  sent  out  to  measure  the  de 
from  the  line  of  fire  and  to  ascertain  the  range  of  the  shot.  The  \i 
for  the  mortar  was  made  of  loose  earth  overlaid  with  a-inch  plauk 
parallel  to  the  plane  of  fire.  Its  aiTiingement  and  lack  of  solid 
such  as  to  make  the  recoil  of  the  piece  appear  more  severe  than  i 
have  been  uinler  more  favorable  cii-cumstances.  The  mortar  p 
was  over  ten  feet  above  the  level  of  marsh. 

b.  Pointing. 

The  direction  was  given  by  the  eye  of  the  gimner,  the  elevati 
obtained  by  means  of  a  wooden  quiulrant  and  plummet.  N' 
accuracy  waa  observeil  in  taking  the  ele\-ation8. 

c.  Shot-lines. 

Three  different  kinds  of  lines  were  used  upon  this  occasion. 

1st.  This  was  the  smallest  line — Diameter,  0".22  (estimated), 
braided  like  sash-cord.     It  was  manufactured  by  the  Silver  Lai 
I>any  of  Newtonville,  Mass.    The  material  is  linen  thread.     Its  i 
finish  was  very  smooth  and  hard.    The  length  was  600  yards,  and 
about  3n  jKrands. 

2d.  The  diameter  of  this  line  was  a  little  greater  than  that  of  th< 
The  material,  Itidian  hemp ;  the  length,  000  yards ;  weighty  a 
pounds.  It  was  twisted  in  the  usual  maimer.  It  is  the  kind  he 
employed  in  the  service.  It  was  manufactured  by  Oummings,  o 
delphia. 

3d.  An  English  rocket-tine  of  Italian  hemp,  strands  very  loos 
up;  line  very  flexible.    Diameter  greater  than  that  of  eitherof  tl 
lines.  Length,  5(>0  yards ;  weight,  about  42  pounds. 
d.  Charges  of  powder. 

These  were  measured,  not  weighed.  Hazard's  Standard  "  musl 
del'"  was  sbited  to  have  been  used. 

e.  Record  of  firings  with  3"  Parrott  mortar,  at  Cold  Spring,  JV.  '. 
20,  1877. 
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/.  Action. 

First  that. — Silver  Lake  linen  line  ran  oitt  beantifiiU.v,  without  kink  or 
knot.  Sliot  kept  point  flret  in  latter  i>art  of  trajectory.  Recoil  of  mor- 
tar and  bed  about  6  feet. 

Second  shot. — Itecoil,  7  feet ;  tore  nji  platform  and  slid  up  bank  in 
rear. 

Third  shot. — Wire  broke  near  the  jirojectile.  Itecoil  of  piece,  6  feet. 
Projectile  rotated  about  its  sliorter  axi.s. 

Fifurtk  shot. — Becoll  of  mortar  severe,  upset  carriage  and  broke  it 
slightly.  Part  of  line  carried  out,  wire  broke  again ;  shot  rotated  about 
shorter  asis. 

Fi/ik  shot. — Same  line  tied  <lirectly  to  the  shot  withont  the  interposi- 
tion of  the  mbber  and  spiral  spring.  Line  carried  out  all  right.  Itecoil 
severe,  mortar  and  bed  turning  npi^ide  down. 

Sixth  shot. — Line  tied  to  shot.  Violent  recoil,  mortar  and  carriage 
taming  upside  down  upon  the  platform. 

SetCRth  shot. — Same  line  used  {Silver  Lake),  and  tied  directly  to  the 
shot.  Line  kinked,  a  largo  knot  being  fouud  about  100  yanis  from  the 
point  of  firing.  Probably  due  to  bad  faking.  Itecoil  very  violent,  mor- 
tar .jumping  ironi  platform  and  tuniing  upside  down. 

Note. — In  hia  later  projectiles  Mr.  I'arrott  ha^i  changeil  the  form  of 
the  base,  making  it  more  pointed,  and  drilling  a  hole  through  it  for  the 
attachment  of  the  line. 

g.  Remdt. 

In  regard  to  the  above  record  of  firings  with  the  I'arrott  mortar,  Mr. 
Kimball,  the  general  superintendent  of  the  United  States  Life-8a\-iug 
Service,  says :  "At  the  trial  a  range  of  473  yanls  was  obtained.  In  view 
of  this  gratifj-ing  resnlt,  twenty -five  of  these  guns  were  ordered  and  have 
been  properly  distributed."* 

[Copy  from  prhiteil  rpcnnl.] 

Section  IL—IMPEOVKMEST  IX  PROJECTILES. 

Specification  forming  part  of  letters  patent  No.  175742,  dated  April  4th, 
1870;  application  file<l  March  0th,  1870. 

To  all  ichom  it  may  ootuxrn : 

Be  it  known  that  I,  KoI»ert  P.  Parrott,  of  Cold  Spring,  in  the  county 
of  Putnam  and  State  of  New  York,  have  invented  a  new  and  usefid  Im- 
]>rovement  in  Comhinetl  Pn^jectili^s  and  Life-Lines ;  and  I  do  hereby 
declare  that  the  follon-ing  is  a  Aill,  clear,  and  exact  description  of  the 
same,  reference  l>eing  had  to' the  accompanjiug  drawing,  which  forms 
part  of  this  Ri>ecification.  • 

This  invention  relates  to  those  means  for  8a\-ing  life  by  establishing 
communicarion  from  the  shore  or  elsewhere  with  a  vessel  which  has  been 
wrecketl,  in  which  a  shot  or  pi'ttjectile  having  a  line  atbiche<l  to  it  is 
thrown  from  a  mortar.  Ordinarily  a  round  shot,  ha\'ing  the  line  attachetl 
to  it  by  a  coiled  wire,  has  been  used  for  said  purpose,  but  there  has 
always  been  a  difficulty  in  reaching  a  distant  vessel,  as  the  charge  of 
powder,  if  increased,  is  apt  to  break  the  line  at  its  attachment  to  the 
shot.  In  order  to  get  greater  range  withont  thus  exposing  the  line  to 
breakage  or  disconnection,  numerous  attempts  to  attain  the  desired  end 
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have  l>p(>n  iiia<le  with  an  elonjjatwl  shot,  ubicli,  owinp  to  the  reduced  re- 
sistauce  it  preseutB  to  the  air  nwv  or  as  <K)iiiimr(Hl  witli  the  round  sliot. 
hafl  a  greater  raiiiie  for  a  t;iveu  eharj^e  of  pow<ler.  But  in  the  previous 
uae  of  eltuif^ated  Hhotn  for  the  ]>uriKMte  practical  difliciUties  have  ariNeu, 
either  as  i-e^^ards  tlie  (lisi>oHitioti  or  <;otinecti<m  of  the  line  and  iu  otber 
res]>eet8,  which  hare  involveil  so  much  complication  or  otherwise  been  so 
defective  that  objections  have  been  raised  to  the  nse  of  them. 

My  invention  not  only  ob\iat«'8  these  defects,  hut  eomlMiies,  in  the 
use  of  au  elongated  projectile  for  the  purpose  named,  cheapness,  facility, 
and  efficieucy.  Thus  I  use  a  simple  or  plain  etou^rated  projectile,  hav- 
iuR  no  groove  cut  lengthwise  in  it  for  reception  of  the  line,  as  in  a  «r- 
tain  other  method,  but  I  attach  the  line  by  its  coHe<l  wire  to  the  point 
or  front  end  of  the  elongated  projectile  as  insertetl  iu  the  mortar,  si 
that,  when  fli'tng,  the  cheek  wluch  is  produce<l  as  the  shot  feels  the  dtar 
of  the  line  causes  the  shot  to  be  turned  over  end  for  end.  This,  by  t«1' 
80D  of  the  elongated  form  of  the  shot,  materially  eases  the  strain  or  re- 
duces the  first  shock  upon  the  line's  attachment  to  the  shot,  and  tlie 
shot,  which  draws  the  line  after  it,  goes  perfectly  true  to  its  destinatiaii. 
In  this  way,  or  by  these  means,  1  get  a  long  range,  and  avoid  break3|!t 
of  the  line's  attachment  to  the  shot,  also  seciu^  a  true  travel  for  tie 
latter. 

In  the  accompanying  drawing  (Plate  L),  Fig.  1  represents  a  longitudi- 
nal section  of  a  mortar  with  an  elongated  prtijectile,  having  a  life-Biie 
attached,  and  as  about  to  be  thn)wn,  the  whole  being  constructed  in  aceori- 
ance  with  my  invention.  Fig.  2  is  a  \-iew  on  a  rcducwl  scale,  showing 
the  prqjectile  after  it  has  been  turned  end  for  end  as  it  tirst  feels  llie 
draw  of  the  line  ajMrn  it,  and  showing  said  sjiot  Tiith  its  attached  line  in 
the  coui-se  of  its  flight.  In  Fig.  1,  A  is  the  moitar ;  B  the  elongated 
projectile,  hn\'ing  the  line  C  eonneote<l,  through  the  interposition  of  a 
spring  or  coiled  wire  1>,  with  the  forwai-d  end  of  the  sliot  as  the  latter 
is  inserted  in  the  mortar ;  and  E  is  the  charge  of  powder  by  which  Ik 
projectile,  with  its  attaclietl  line,  is  thrown  from  the  mortar,  saiA  line 
being  laid  in  a  loose  coil  outside  of  the  mortar.  In  Fig.  2  the  same  let- 
ters ap]>ly  to  hke  parts,  hut  the  shot  has  beeu  turned  end  for  euil  as  it 
first  feels  the  dmw  upon  the  line. 

It  is  not  necessary  that  the  eoile^I  wire  D  should  of  itself  be  the 
spring  or  only  spring  interjMwed  between  the  end  of  the  projectile  awl 
the  line,  inasuutch  as  a  nihber  strip  or  spruig,  F,  may  be  indei>en(leiitly 
appUed  to  connect  th©  line  Avith  the  projectile  and  such  elastic  striji  w 
spring  foe  passed  through  the  coileil-wire  coiuiection  D. 

I  claim — 

The  combination  with  the  elongated  projectile  B  of  the  line  C  and  in- 
terposed spring  or  coiletl  wii-e  D,  applied  to  connect  the  line  with  that 
end  of  the  elongated  projectile  which  is  for\v'ard  or  outermost  when  the 
projectile  is  iusertetl  in  the  mortar,  substantially  as  and  for  the  imrpoaes 
herein  set  foilh. 

ROBERT  P.  FAEBOTT. 

Witnesses : 

Henry  Jatcox. 
ALGXA^fDEB  Skene. 
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CHAPTER  IV. 

UUST'S  LIFE-SAVING  APPARATUS. 
Section  I. 

Mr.  Etlmnnd  8.  Hunt,  of  Weymouth,  Mass.,  ha«  inveuted  a  line- 
throwing  apparatus,  int«nded  for  life-saring  purposes.  A  full  descrip- 
tion of  this  invention  is  given  below  in  the  specification  forming  part  of 
the  letters  patent  and  in  the  letter  from  Mr.  Hunt  to  the  Secretary  of 
the  Treasnry,  dated  Feltniary  7, 1878. 

The  writer  was  present  at  several  trials  of  tbis  projectile.  Tbe  results 
of  his  observations  will  be  found  ujion  subsequent  pages. 

ntPttOVEMENT   ra   LEJB-THROWINO  APPARATUa. 

Snecification  fonninfj  part  of  letters  patent  No.  203274,  dated  May  7, 
1878;  application  filed  Janiiarj'  2.3,  1878.     (See  Plate  LI.) 

To  all  icbom  it  may  concern : 

Be  it  known  that  I,  Edmund  S.  Hunt,  of  Wejinouth,  in  the  county  of 
Norfolk  and  State  of  Massaclinsetts,  have  invented  certain  improve- 
ments in  Une-tbrowing  ax)paratus,  of  which  the  following  is  a  fiill,  cle^ 
concise,  and  exact  description,  reference  being  had  to  the  accompanying 
drawings,  making  a  part  hereof. 

My  invention  is  more  especially  designed  for  throwing  a  line  ftom  the 
shore  to  a  WTCck  or  from  a  wreck  to  the  shore,  bat  is,  of  course,  adapted 
to  other  uses. 

The  drawings  ilhistrate  it  shot  having  my  coilcase  applied  to  it,  also 
one  of  my  hand  coil-eases,  and  also  a  hne-8npiH>rt  attached  to  the  gnn. 

The  distinguishing  characteristic  of  my  invention  consists  in  the  projec- 
tile made  up  of  a  short  hea\'y  shot  and  a  long  light  case  containing  the 
line,  the  case  being  open  at  the  month,  and  the  projectile  adapted  to  be 
finHi  with  the  shot  next  to  the  powder  and  the  coil-case  at  the  month  of 
the  cannon,  and  to  reverse  itself  soon  after  it  leaves  the  gun. 

The  minor  features  of  my  invention  relate  to  the  mode  of  coiling  the 
line  and  the  mode  of  holding  it  and  of  preventing  injury  to  it  from  the 
gases  which  escape  from  the  mouth  of  the  gun. 

In  that  form  of  projectile  sIiot^ti  in  the  drawings,  A  is  the  powder,  B 
the  shot,  C  the  coilcase,  and  D  the  coil.  £  is  a  wooden  month-piece 
attached  to  the  case  C,  in  order  to  make  it  sure  that  the  sharp  edge  of  G 
shall  not  iqjure  tbe  line. 

Tbe  end  d  of  the  line  is,  where  a  light  line  is  nsed,  attached  to  s  short 
piece  of  stouter  line,  tP,  the  line  d*  being  less  likely  to  be  injured  by  the 
escaping  gases,  &c.,  near  the  mouth  of  the  gnu  when  fired.  For  a  like 
reason  the  Mne  d*  is  supimrted,  as  shown,  by  the  supporter  G,  which 
prevents  it  from  Ijiiig  directly  across  the  month  of  the  gun,  that  being 
the  most  unfavorable  position  for  it. 

The  coil  is  formed  by  winding  the  line  upon  a  mandrel,  the  line  pass- 
ing through  a  vessel  containing  melted  paniffine  or  other  like  substance, 
and  also  j>a8sing  through  a  iiroper  tension  mechanism,  to  make  the  coil 
compact.  A  single  coil  is  first  wound  of  the  desired  length;  next  a 
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secuiHl  uoil  ovvT  but  tlie  rcverne  of  the  first ;  tben  a  tliird  like  tbe  fimt 
but  over  tlie  Kecoiul;  then  a  fourth  like  the  Hec-oiid  but  over  the  third, 
and  so  on,  forming  a  conii>act  cylindrical  coil,  contaiuing  the  desired 
length  of  line,  the  size  of  eoil  varjing,  of  course,  with  the  length  ami 
size  of  the  line.  Tlie  hand-coil  ia  made  in  the  same  way.  After  the  coil 
is  put  in  tlie  ease  a  small  amount  of  melted  parafflne  is  applied  betweeu 
it  and  the  case,  and  it  is  tlius  held  securely  in  the  ease. 

I  proiMise  in  practice  to  make  the  hand-coil  of  considerably  heavier 
line  than  the  shot-coil,  using  fi)r  the  hand-coil  the  line  iP. 

I  preimre  my  impntved  apimratiis  by  putting  tlie  band-coi)  and  Hhnt- 
coil  moutli  to  uiouth  and  covering  tlie  joiut  with  a  short  metal  cylinder, 
and  make  the  whole  watcF-tight  by  a  proper  eaiiing. 

To  use  the  api>anitii8,  separate  the  hand-coil  from  the  projei-tile,  load 
the  projeictile  mouth  outward,  place  the  line  cP  over  the  siipi>orter  G,  as 
shown,  and  hold  the  hand-coil  in  the  band,  its  mouth  in  tlie  same  dirrr- 
tion  as  the  mouth  of  the  giui.  When  the  gun  is  flred,  only  a  small  iwrttnn 
of  tbe  line  from  the  hand-coil  will  be  drawn  out.  The  length  of  ml  in 
the  Bbot  should  l>o  considerably  in  excess  of  the  travel  of  the  shot,  whiili 
will,  of  coiu's<>,  dci>end  upon  well-known  principles. 

I  am  aware  of  patent  No.  23726,  of  18.^9,  to  Trowbridge,  which  d^ 
8cril)eH  a  sounding  a])paratu8  on  a  principle  closely  analogous  to  tlie 
principle  of  my  new  pioje<^'tilc;  and  I  disclaim  all  that  is  described  and 
showti  in  that  i>atent. 

I  am  also  aware  of  the  French  patent  to  Delvigne,  A.  JX  1847,  vol.  lit. 
plate  xlii,  which  shows  a  shell  or  hollow  siiot  with  a  coil  of  line  and  a 
hole  at  the  base  of  the  sliell  tlirongh  wbicb  the  line  extends.  This  I 
disclaim,  as  my  projectile  has  the  coil-case  at  that  end  of  the  shot  far- 
thest from  the  iKiwder,  and  the  mouth  of  tbe  coil-case  is  at  its  front  cud 
when  the  sliot  is  in  the  cannon,  the  shot  proper  being  so  much  hoaner 
tlian  the  coil-case  and  coil  that  when  flred  the  prmeetile  will  reverse 
itself  as  soon  as  it  leaves  the  gun,  that  is,  when  loaded  the  shot  is  be- 
hind the  (»>il-ciise  and  the  month  of  the  case  is  fon^'anl,  but  during  neatly 
the  whole  of  its  flight  the  shot  is  in  front  and  the  coil-case  behiud  it.,  tbe 
mouth  of  the  case  being  then  at  the  i-eur  of  the  ])rojc<;tiIe.  In  this  ^^f 
the  coil-case  csin  be  nmtlc  of  sheet-metal,  which  is  altogether  too  weak 
to  resist  the  shiM;k  of  the  explosion,  and  the  center  of  gravity  of  the  pw- 
jectile  l>e  bronght  very  near  the  jjowder,  thus  protecting  tbe  coil  and 
coil-case  fnim  the  shock  and  from  the  gases  witliout  the  use  of  a  i^lwt 
or  any  other  contrivance,  besides  greatly  reducing  the  cost  of  the  pro- 
jectile. 

What  I  claim  as  my  invention  is — 

1.  Tbe  proje<^tiie  above  described,  coinjiosed  of  the  shot  B  aud  coil-case 
0  and  coil  D,  the  coil-case  being  oi)en  in  flwnt,  and  the  shot  B  heinE 
much  heavier  than  the  coil-case  and  coU,  the  whole  eonstmcted  and  ar- 
ranged substantially  as  shown,  and  adapted  to  be  flred  with  the  inoutb 
of  tie  coil-case  outward,  and  to  reverse  itself  as  soon  as  it  leaves  the  pin- 

2.  The  coil  compose^l  of  a  series  of  coils,  packed  with  paraffine  or  its 
equivalent,  substantially  as  described. 

3.  The  supporter  U,  iu  combination  with  the  gim  H,  substantiallj  as 
and  for  the  purjHwse  specified. 

4.  Tbe  improved  mode  of  throwing  a  line  above  described,  consisting 
in  using  a  hand-coil  in  connection  with  a  shot-coil,  the  latter  coil  beJntl 
in  a  case  or  holder  forming  a  part  of  and  traveUng  with  the  shot,  and  the 
former  coil  being  held  stationary',  the  lines  composing  the  two  coils  lie- 
ing  joined  together  at  their  contiguous  ends,  all  as  above  described. 
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[Mr.  Hniit's  letter  U>  tlie  honorable  Secretary  of  the  Treasury.] 

Weymovth,  Mass.,  February  7, 1878, 

Sib  :  Iiicloaed  is  a  copy  of  my  shell  (3-iiicU)  for  carrjing  a  line  for  life- 
saviug  purxmses,  a  description  of  which  I  will  now  give. 

The  case  of  the  shell  iu  ma4le  of  tin,  with  wings  of  the  same.  In  the 
end  is  cast  a  leaden  shot,  made  so  as  to  fit  the  gun  accurately  without 
nindage.  The  tin  shell  contains  the  line,  wound,  as  the  model  shows,  in 
the  clo.sest  possible  spaee.  The  line  being  prepared  in  paraffine  and 
drawn  from  the  center,  comes  out  without  fouling  and  without  any  drag 
on  the  shot,  it  traveling  about  as  far  with  the  line  as  without  it.  The 
wings  are  to  keep  the  shell  in  line,  and  in  so  doing  goes  a  much  greater 
ilistimce  than  if  turning  in  the  air.  The  coil,  No.  2, 1  hold  in  my  hand 
when  the  gun  is  fired,  between  which  and  the  shell  is  a  stout  cord  con- 
necting the  two  small  lines.  On  my  guu  is  a  rod  carried  out  from  the 
gun,  in  a  hne  with  the  bore,  with  a  fork  or  crot«h  in  the  end,  that  this 
connecting  line  is  carried  over,  saving  the  line  fW)m  breaking  at  the 
moment  of  discharge.  The  coil  in  the  shell  is  the  same  as  the  2-inch, 
only  there  is  much  more  line  in  the  shell. 

In  using,  I  i>laee  the  imwder  in  the  gun,  and  put  iu  the  sliell,  shot  end 
down ;  then  carry  the  hea\"y  line  over  the  hkI  and  hold  the  coil  No.  2  in 
my  hand,  and  apply  the  match.  The  result  is  this :  the  shell  leaves 
the  gtm  and  imuie4liately  turns  over  and  takes  its  course,  the  line  pay- 
ing out  from  it  until  it  strikes  the  object  intended.  The  explosion  of  the 
powder  seems  to  tlirow  the  heavy  cord  that  connects  the  two  lines  some 
two  or  three  hun(li«d  feet  from  the  gun,  and  then  you  find  the  end  of 
line  in  the  shell,  so  that  a  small  part  of  the  line  is  taken  from  the  hand : 
and  that  is  taken  out  by  the  fire  explosion,  and  after  the  shell  has  reached 
the  ground  and  the  line  l>eing  in  tlie  air,  in  falling  draws  from  the  coil. 
A  shell,  size  of  the  model,  will  carry  a  line,  size  of  one  now  in  it,  IjOOO 
feet  with  j  ounce  jwwder  at  a  very  low  elevation ;  with  a  shell  of  2-mch 
diameter,  and  a  charge  of  2J  ounces  powder,  a  range  of  one-half  mile, 
carrying  the  same  line,  which,  though  being  smaller,  is  very  strong, 
being  the  same  used  by  me  for  drawing  a  ro]>e  of  sufficient  size  to  tow 
a  hawser  in  an  exhibition  before  the  Humane  Society  at  Hidl  last  week. 

In  this  method  of  throwing  line  a  snffl<;ient  amount  of  line  to  reach 
the  object,  must  be  always  coiled  in  the  shell,  as,  if  the  wind  is  directly 
ahead,  but  little,  if  any,  line  will  be  taken  from  the  hand,  and  the  slack 
of  the  line  will  fall  behind  you.  For  this  reason  it  is  always  better  to 
have  ready  more  line  in  the  shell  tlian  what  is  wanted  for  the  distance 
the  shell  goet) ;  a  side  wind  taking  up  more  line  than  a  head  wind,  or 
one  with  you. 

The  advantages  I  claim  over  the  old  methods  are  these: 

lat.  Tlie  line  has  no  effect  on  the  direction  of  the  shell,  it  simply  pay- 
ing Uie  Une  out,  the  shell  going  as  directed  with  a  side  wind  as  with  one 
with  it. 

2(1.  The  shell  goes  seemingly  as  well  with  the  line  as  mthout,  so  that 
distance  is  ovenHime  very  ea*>ily. 

3d.  The  gun  is  a  very  small  afl'air,  my  largest  3-inch  guu  for  experi- 
ments weighing  but  30  pounds.  One  that  has  thro^vn  a  shell  and  line 
i  mile  weighs  10  i>onnds  without  the  carriage. 

4th.  The  lines  are  all  put  np  in  paraffine,  so  that  the  weather  cannot 
injure  them  from  wet,  cold,  or  heat. 
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5tii.  The  whole  affair,  ^in,  shell,  aud  Uoe,  can  be  carried  by  one  miiii, 
requiring  neither  horse  nor  carriage. 

Very  respectfully,  your  ob^ieiit  seirant, 

EDWARD  8.  HUST. 
Hou.  John  Sheeman, 

fiecrelary  of  the  Treasury,  Washington,  D,  C. 

N.  B, — Tlie  above  is  »  transcript  of  aii  official  copy  of  Mr.  Hnut's  let- 
ter.—D.  A.  L. 

Section  ni.— TEIALS  OF  HUNTS  APPARATUS. 

I.  FlEST  TBIAL. 

Tlie  first  trial  of  this  apparatus  in  the  presenc*  of  the  writer  occatwl 
at  Wej'mouth,  Mass.,  during  the  latter  part  of  February',  1878. 

Tlie  following  is  an  abstract  of  a  report  of  tliat  trial  made  to  the  Gen- 
eral Superintendent  of  the  Life-Saving  Service : 

1,  Firing-ground. 

The  firing -ground  was  very  uneven,  was  covered  by  a  growth  of  bmliea 
and  trees,  and  was  intersected  by  a  strip  of  swauipy  ground.  At  llie 
point  where  the  shot  usually  fell  the  ground  was  considerably  higher 
than  it  was  at  tlie  firing-point.  A  flag  was  placed  at  (an  estimated)  400 
yards'  distance  from  the  guns.  This  flag  was  on  or  near  the  crest  of  tlie 
hill.    Xo  range  had  been  measured. 

2.  Guns. 

Tliere  were  two  of  theae ; 

1st.  A  2-inch  caliber,  weight  about  10  poumls ;  length  of  bore  abont  13 
inches.  Tliis  piece  was  made  of  a  short  length  of'dJrawn"  brass  tubing 
and  had  a  reinforce  of  steel  or  wrought  iron  around  the  breech.  The 
breech-phig  was  a  piece  of  cast  iron  fastened  to  the  cylindrical  portion  of 
the  gun  by  two  wrought-iron  pina. 

2d.  Tliis  gun  had  a  caliber  of  3  inches ;  its  length  was  a  Uttle  giTHter 
than  the  2-inch  gnu,  aud  its  weight  was  alwut  40  or  45  jjounds.*  It  also 
was  made  of  brass  tubing.  It  had  two  reiufoi-cing  bands,  the  umeiof 
8t«el  or  wrought  iron,  the  outer  one  of  brass.  The  cast-iron  breech-pln? 
was  held  in  jKisition  by  pins.  It  was  stated  by  the  inventor  that  these 
guns  were  only  temi)orarj-  contrivances  to  show  the  principle  of  his 
invention. 

Though  the  whole  gist  of  liis  invention  is  contained  in  his  projectile.it 
has  been  deemed  necessar}-  to  a  definite  nnderstaniUng  of  the  subject  to 
give  some  of  the  more  prominent  correlative  details. 

3.  Vryectilea. 

These  were  tin  cylinders  with  leaden  heads  cast  upon  them.  The  coii» 
of  line  were  stored  inside  the  shells.  The  total  length  ia  between  IC  and 
18  inches.  Two-inch  and  three-inch  calibers  were  used.  The  2-incl  shell 
with  line  weighed  about  7  pounds,  the  3-inch  with  line  abont  10  pound*- 

*  Th«  above  weight,  40  or  45  ponnilH,  was  the  one  given  me  by  tbe  inventor  on  Ib^ 
datv  of  triiiL  It  may  be  noted  that  in  hia  lctl«r  to  the  Secretary  of  tlie  Treagiu}' ll>' 
inventor  utatea  the  weight  of  the  3"  gun  to  1>e  "  bnt  30  pounds.  It  ih  probable  tbat 
tlu)  latter  was  thu  weight  before  the  outer  reiuforciog  baud  was  added  to  the  gii>>-~ 
D.  A.  L. 
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4,  ShotUnes. 

Two  sizes  of  liiitB  were  used.  The  smaller  line  was  made  of  pack -tli read 
ami  used  in  the  Riiiall  slielln.  The  larger  line,  used  in  the  3"  shells, 
wei^he<l  abont  3  iwiindR.  After  firing  it  appeared  to  be  about  the  size 
"Silver  Lake  No.  SJ."  The  material  was  linen  thread,  loosely  laid  np  in 
three  strands,  without  much  twist. 

The  lines  were  put  up  in  coils  0  inelies  long  and  were  satiu^tcd  with 
paratiina  The  lines  were  prepared  for  use  by  coiling  around  a  spindle 
])laced  in  a  lathe.  The  ends  of  the  lines  in  the  coils  were  tied  together, 
after  which  the  coils  are  mserte<l  in  the  shell  one  above  the  other,  three 
in  all.  A  similar  eoH  was  held  in  the  hand  of  the  operator  when  about  to 
fire.  The  ends  of  the  liues  in  the  sliell  and  hand  coil  were  made  fast  to 
the  extremiries  of  a  larger  piece  of  line  (So.  7)  about  three  feet  in  length, 
which  was  passed  over  tlie  line-supporter  that  projects  over  the  gun. 
This  de\ic«  is  to  prevent  the  biuiiing  off  of  the  small  line  by  the  escaping 
g:ises  at  the  instant  of  discharge. 

6,  Foicder. 

The  Oriental  Powder  Company's  "Duck"  jwwder  was  used  for  firing. 
Charge,  2J  to  3J  ounces,  by  measure.    So  cartridge-bags  were  used. 

C.  Eecoil. 

As  these  exiieriinents  were  only  to  test  the  line-carrying  proi)erties  of 
the  pntjectiles  no  guu-camages  had  beeu  provided.  The  ^ns  were 
mounteil  in  a  notch  or  groove  cut  in  a  log.  This  piece  of  timber  was 
imlMMlded  in  the  earth  fiush  with  the  surface ;  of  course  no  recoil  was  aj)- 
parent. 

7.  Experiments. 

Five  shots  were  fired, 

1.  This  was  with  a  2<inch  projectile  and  pack-thread  fired  &om  the 
small  gun,  Tlie  projectile,  notwithstanding  the  "  wings,"  turned  over 
and  over  about  one  of  its  shorter  axes.  Range  between  350  and  3S0 
yanls,  A  portion  of  the  force  of  the  powder  was  expended  in  blowing 
out  the  breech  of  the  gun.  The  bowing  or  drift  of  the  light  line  was 
considerable,  though  the  wind  was  verj-  Tight.  The  line  paid  out  well 
from  the  coils. 

2.  Tliree-uich  projectile  from  larger  gun.  Shot  turned  over  three  or 
four  times  and  then  proceeded  point  foremost.  Shot  deviated  but  little 
from  plane  of  fire,  but  the  line  drifted  badly.  Bange,  estimated,  nearly 
400yanls. 

3.  Three-inch  projectile  used.  Shot  turned  over  two  or  tliree  times 
IJne  paid  out  in  bunches,  &oni  the  coils  catching  on  each  other.  Line 
(lid  not  drift  so  badly  as  in  last  shot ;  oi>erator  drew  in  pai-t  of  the  sla«k 
from  the  rear.    Bange  about  the  same  as  the  above. 

4.  Two-inch  shot.  Shot  tiuned  over  once  or  twice  and  then  kept 
pouit  direct  to  the  front.    Kunge  good,  about  4(I0  yards. 

5.  Two-inch  shot.  Projectile  turned  over  twice,  and  attained  a  goo<l 
range,  estimated  by  those  present  at  600  yards.  Tliere  was  a  difference 
of  opinian  as  to  where  it  fell.  No  one  went  out  to  see  where  it  struck 
at  the  time.  The  writer  thought  it  fell  inside  of  500  yaixls,  but  the 
shadow  «f  the  woods  renderetl  the  point  of  fall  uncertain. 
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8.  Remark*. 

The  Hue  was  not  broken  ot  cut  in  a  8ingle  instance,  and  3 
statM  tliat  it  liad  never  been  cut  during  any  of  Lis  exiterinieiit 

The'  first  spring  of  tLe  i>rojectiie  into  the  air  generally  rarr 
tion  of  tlie  line  from  the  coil  wlii<-h  wa«  held  in  the  operate 
After  the  revenial  of  the  shot,  the  line  was  {taid  out  from  th 
the  shot. 

There  are  two  chances  for  the  line  to  be  carried  out  instea 
namely :  1st,  From  the  (wils  in  the  shot ;  ^41,  From  the  coil  in  th 
case  the  first  liue  should  foul  in  the  projectile.  The  line  i 
twisteil  by  being  dra^t'u  from  the  center  of  the  coils,  as  evei 
the  coil  counted  as  one  twist.  This  trouble  has  Iteen  obviatt 
Hunt,  by  winding  the  coils  in  op|M)site  tlirei-tiuns.  It  would  lu 
to  prepare  the  line  for  a  second  shot,  as  it  would  require  a  h 
the  work  exi>editiously. 

[Note. — I^aler,  Mr.  Hunt  stated  that  in  actual  8er\ii"e  he 
that  the  line  and  shot  should  be  sacrifice^l  after  once  firing, 
of  which  is  a  small  matter  as  compared  «ith  a  single  human  li 

>Ir,  Hunt  pointed  out  where  vario  is  shots  had  falleu  tha 
tained  greater  ranges  than  any  procured  dnring  this  trial. 

Tlie  largest  line  used  by  Mr.  Hunt  upon  this  occasion  ha*!  a 
weight  of  ?W,.>  [wuuds,  and  a  sti-etch  of  3  incites  in  a  length  of 

SECOND  TRIAL. 

The  second  trial  took  place  at  TVej-mouth,  Mass..  !May  7-S, 
this  trial  JItlr.  Hunt  had  a  new  gun,  caliber  3^  inches.  He  si 
be  ha4l  not  weighed  it,  but  ga\e  its  weight  as  "about  70  pow 
the  weight  of  the  carriage  as  "about  80  iwimds."  The  plan  o 
struction  of  the  gim  was  similar  to  the  3-iueh  gun  before  desci 
it  was  a  much  Ix'tter  gun.  The  reinforce  baud  was  of  bronze, 
riage  was  made  in  two  jiarts ;  the  npi»er  part  of  iron,  in  form,  n 
a  mortar  b«l  as  usually  constructe<l;  the  lower  i»art  wasapiecp 
plank  about  40  inches  long,  about  12  inches  \ride,  and  alK>i 
inches  thick.  The  iron  i>oriion  was  boltiti  to  the  wooden  i>a 
loops  fore  and  aft  ser\"e4l  as  handles  for  tTans]H>riation.  1 
weight  the  inventor  estiniate<l  at  150  imhuuIs. 

1,  ProjtviUet. 

Onlfidi-  1ru)^h 21.; 

Initidr  uf  slirll — 1pii)[|1i I». 

DiaiiieliT.  exwriot,  little  lc»«  Ihuu 3.; 

Coil  of  line  for  nhot,  Xo.  4^— Irii^h I7,i 

diouietirr 3. 

Weijtht  of  allot  empty 9.] 

Weiglit  otHliot  witli  iim-  iimidF.  about 15. 

The  alwve  dimensions  and  size  of  coil  (for  inside  of  shot)  ar 
the  projeetili-s  atid  coils  used  in  the  tliinl  series  of  triak  at  a  I 
At  the  secmid  trial  at  Weymouth  some  of  the  shells  had  more 
coil  uiside.  prolwbly  three.  For  his  later  exj)eriments  with  l«i 
(Sos.  4J  and  7)  Mr.  Hunt  use<l  but  one  coil  in  the  shot.  Aft*- 
the  line  in  the  shot,  a  wooden  plug  with  a  hole  in  the  center  ft 
to  pass  through  was  put  in  the  shell  over  the  c«nl  and  held  ii 
either  by  indenting  the  tin  case  around  it  or  by  foliliiig  down  t 
a  sUght  blow  to  i)reveut  the  ping  from  coming  out  when  the 
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reversed.  These  prQJeetiles  had  a  reinforcp  of  galvanized  sheet-iron 
aroniid  tlie  lower  end  of  the  tin  shell  to  strengthen  it  sufficieutly  to  stand 
the  shock  of  discharge  without  upsettiufr.  Thei'e  is  about  oue  inch  of 
lead  cast  upon  the  head  (point)  of  the  projectile,  and  then  6  incihes  in 
length  of  the  sheet-iron.  The  head  is  flat,  the  plane  of  itw  face  being  per- 
pendicular to  the  axis  of  the  projectile.  Even  this  sheetiron  envelope 
does  not  prevent  a  certain  degree  of  upsetting  when  large  charges  of 
jwwder  are  usctI. 

firing  rrcord  at  Wfumoulh,  Ham.       ' 
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J 
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litllft  drift  of  linv;  wind  light.  Nid  varia- 
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waa  plrked  np  In  fEood  rendition ;  veloc- 
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ond  =  8.U  mlln  per  hour. 
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Fint  ikit.— Line  drift«l  la  l»ft  about  M  yania  at  SOO-yard  ranfje. 


The  trial  at  Marblehead,  Mass.,  .Tuly  2, 1878,  took  place  over  water. 
Four  tfoats  were  anchored  end  to  end,  SOU  yanis  from  the  beai;h.     The 
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boats  weri"  eath  13  feet  long,  and  were  23  feet  apart,  making 
121  feet  long  parallel  to  the  beiu;li,  over  which  to  tlirow  the 
Tlie  wind  tlioiijih  very  light,  was  fioni  tlie  riglit  and  rear.  The 
pointed  o\er  the  boat  on  the  extreme  riglit  wf  the  line. 

Tlie  shock  of  discharge  is  often  sufficient  to  drive  the  woodei 
the  outer  end  of  the  shell  dowu  several  inclie:^ ;  in  one  case,  wl 
urcd,  it  was  fonnd  to  be  sis  inches  from  the  mouth  of  the  shell. 

Mr.  Hunt  uses  lines  which  are  termed  "soft  laid"  from  th» 
in  which  they  arc  put  together  without  mucli  tension  ujwn  tlu 
These  lines  have  no  "ttnish"  upon  them  when  received  from  th 
but  are  passed  through  melted  paraSiue  as  they  are  coile4l 
spindle.  Seafaring  men  differ  in  regard  to  the  manner  of  1 
cords  for  shot-lines.  Some  claiming  that  the  lines  should  be  "  i 
others  that  they  should  ba  "  hard  laid."  r 

A  "soft-laid"lineis  probably  not  so  apt  to  be  cut  in  liaiding 
the  side  of  a  ship  as  the  solid-braided  line.  It  is  however  im 
pressed,  which  for  a  small  line  makes  it  a  little  more  tliflieult 

It  is  but  just  to  Mr.  Ilunt  to  say  that  he  has  not  yet  iierfecti 
details  of  his  prcyectile.  At  tiie  writer's  suggestion,  the  invt 
aside  the  "supporting  rod"  attached  to  the  upper  side  of  the 
discanted  the  intermediate  piece  of  large  line  which  cnnnecte 
in  the  shot  with  the  hand-coil.  These  devices  were  intendtnl 
the  line  from  being  burned  off  at  the  instant  of  firing.  No  diOi 
experienced  from  their  omission,  as  the  shell  projects  about  i^ 
beyond  the  muzzle  of  the  piece;  a  snfllcient  distance  to  prevent  1 
ing  gas  from  burning  off  the  line.  Tliis  projectile  has  aJUit  s 
the  front  end  to  oppose  the  wind  in  its  flight.  This  form  of  ht 
jectionable  on  acx!ount  of  the  increased  resistance  of  the  air  wli 
velops.  The  form  of  the  i>oint  of  a  shot  has  a  great  influence 
intensity  of  the  resistance  which  a  prttjectile  will  experience  ii 
through  the  air.  Tlie  following  facts  in  reganl  to  the  further 
of  this  projectile  should  be  made  the  subject  of  a  more  extendi 
mental  investigation,  namely: 

1.  The  action  of  the  projectile  in  windy  weather,  with  both  i 
Lead  winds.  Tliis  is  especially  desirable  when  it  is  borne  in  mini 
wind's  force  varies  directly  as  the  square  of  its  velocity.  "Tl 
the  wind's  velocity  is  20  miles  per  hour,  its  force  is  four  timei 
as  that  of  a  wind  blowing  10  miles  per  hour." 

2.  The  maximum  charge  that  may  bo  usc<l  without  upsi-ttinj 
jectile. 

3.  The  effect  u])on  the  strength  of  the  luies  by  having  a  kn 
the  junction  of  the  coils  iu  the  hand  and  shot.  Knots  are  genera 
of  weakness. 

4.  The  effect  of  the  free  use  of  paraffine  uiioii  the  ease  of  bar 
It  is  pmbable  that  this  jirejectile,  from  its  lightness  and  com 

may  be  liest  siuted  to  carry  on  boai-d  vessels  for  use  in  cases  < 
ing.  The  wind,  in  such  instances,  is  generally  blowing  on  r 
the  small  weight  of  the  shot  would  not  be  sncli  a  serious  disa 
to  it  as  when  firing  against  tho  wind.  It  is  a  well-known 
the  heavier  the  projectile,  for  the  same  caliber,,  the  greater  w 
range,  other  things  being  equal.  The  mass  of  the  Hunt  pn 
rather  small  for  the  area  of  its  cross-section,  and  it  is  constant 
ishing  during  flight.  The  ballistic  capabilities  of  this  i)rojectil 
A  strong  wind  can  only  be  demonstrated  by  experiment. 
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CHAPTER  V. 

CHASDLEIt'a  ASOHOR-SHOT. 

(Plate  Lll.) 

Ill  the  Army  ami  Xavy  Jouniul  of  April  27, 1876,  page  607,  the  writer 
fiudtt  tbe  following: 

Cajit.  Rsilph  ChaiiiUer.  U.  8.  N.,  liaa  invpiitoil  a  nhot  which  is  iiitPniUii  for  the  use 
of  Hhipa  on  HJiore  (!t;^iiii(t).  where  the  Mtrf  is  too  heavy  for  iHwte  to  laud  without  the 
a.s»i»tjini'u  of  a  lini-.  It  eiiu  also  bn  iimpiI  at  life-auviiiK  stations  to  throw  liuea  over 
Wachvil  vpHsek  or  veiuels  in  (liiitroMM.  As  an  implement  of  war,  it  will  l)e  usoful  in 
waters  where  tor|H-ilo«ii  are  Riiitposeil  to  l>e  lovateiL    A  ship  can  anchor  near  the  snp- 

IHMeil  tuqiHlmw,  tlirour  thu  shot  two  or  three  huuilnxl  yards  toward  them,  and  haul  it 
lonif,  breaking  Hni'li  wires  as  it  uiav  eucoiuitor.  It  is  very  itiniple,  and  its  simnlicity 
iiiBurra  its  ancnswiful  workliiKi  an<l  its  font  is  vpry  little  more  than  that  of  an  onlinury 
Hiiot.  It  is  merely  a  shot  with  hiufced  anchor  Unkes  projeutiuf;  from  its  udeti  and  fohl- 
iii);  liarh  into  slots,  so  na  not  to  interfere  with  the  ontrance  of  the  shot  into  the  gun. 
To  the  rear  of  the  sliot  a  cliuin  or  wire-rope  is'  attached,  and  carried  to  the  front  of 
the  ihot  throufch  another  slot. 

lu  naiiiK  it,  the  shot  is  to  lie  innerted  into  the  muzzle  of  the  ^un  far  enon(;h  to  brine 
the  cuds  of  the  arms  inside  tlie  muzzle,  the  chain  or  wire  ro})c  attached  to  the  rear  of 
the  shot  lirought  out  throujch  the  slut,  the  strap  taken  off,  and  the  shot,  pushed  gently 
home.  The  sjirings  under  the  anns,  always  hearingor  pushing  them  outwnnls,  wUl  ex- 
tend the  arms  as  snou  its  thx  shot  leaves  the  muzzle  of  the  gun  or  mortar,  and  a  perfect 
anchor  will  he  projected.  If  in  its  Hight  the  arms  arebroughtin  contact  with  nuylliing, 
they  will  close  until  the  nlwtncle  is  jmsned.  and  where  the  shot  laniht,  its  holding  jioWer 
will  lie  eiinal  to  any  ketlge  anchor  of  the  siune  weight.  It  appeiini  to  be  a  most  useful 
invention.  If  the  Huron  eould  have  lande^l  a  shot  of  this  di'Scri]>tion,  by  it  the  balsa 
could  hnve  1>een  hauled  ashore  with  a  hawser  or  large  line  attached  to  it.  One  of  these 
shots  made  for  an  elcv<m-iuch  gun  would  have  power  enongh  to  cany  a  two-inch  rone 
ashore,  and  after  the  shot  was  once  ashore  niul  well  hooked,  all  the  boats  of  the  ship 
could  be  hauled  ashore  without  any  other  lino. 

The  flukes  of  thin  anchor-shot  are  three  in  number,  placed  equidistantly 
around  the  circumference  of  the  shot. 

The  writer  lias  been  iuforme«l  that  up  to  the  present  time  (.Tuly,  1878) 
this  projectile  has  not  iiroved  to  be  as  satisfactory  as  was  anticipated. 

SoTE, — ^The  above  illustrations  of  the  Chandler  anchor-shot  were  taken 
from  Hariier's  Weekly  of  June  15,  li*78.— I).  A.  L. 

The  following  account  of  experiments  made  with  Cliandlei-'s  anchor- 
shot  has  apjieared  in  the  Army  and  Xavy  Journal  since  the  above  was 
written : 

Experiments  were  made  with  Chiindler's  aiielior-shot  off  Paddock's  I)i1anil,  Boston  Har- 
bor, July  20,  \i^S.  Uun.  3-2-iHiunder.  of  XI  cwt. ;  junk  wn<l  behind  shot  at  eneh  fire  ; 
size  of  line.  2}  inches;  whale  line.     Elevation  of  gun,  12°;  wind  across  lino  of  tire,  mod- 
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Towarris  the  eud  of  Ihe  experiment  the  line  lieeHmc  winkiuR  wp(,  nrliich  iiirreasi'd  iw 
weight  ti>  that  extent  that  foiirouui.'eitintreaKe  of  i-harKe  ill  the  lOHt  lire  ilid  uot  iucrraw 
the  rauKe. 

To  make  thette  exiierimeiits  perfect,  a  new  and  iliy  line  nuglit  to  be  nsed  at  eacb  ili»- 
chsFKe. 

It  Li  evident  tlintnitli  ahejivyshot  and  a  large  caliliereil  pm  there  iBnothipRtopre- 
vent  fonr  hnndnil  fatliDiiu  of  line  lieiug  thrown.  In  ths  fir»t  seven  fir™  a  iihort  nwti.m 
of  wire  rope  vf  as  attached  to  the  shot  anil  the  line  Rplieeil  to  that,  bnt  in  thn  last  two 
the  liuc  was  faHtennl  ilin^etly  to  tlie  shot,  and  nerved  with  rope  .vnm  well  aoHkeil  in 
water.  Tlie  line  wan  not  liiimt  in  the  leoat.  and  a  Inrnt^  ei)i;lit-oiired  cutter  wan  haiilMl 
ashore  by  the  line.— (Extract  from  Anny  and  Navy  Journal  of  Aiij^uitl  Ul,  IrtJ?). 


CHAPTER    VI. 

LIFE-9AVISG  ROCKETS. 

T.  Life-saving  eocket,  boxer,  IS-povndek.' 

(Plate  XLI.) 

The  li/e-saring  rocket. 

I>ennet'«  "twin"  rockets  were  sniwrsedcnl  by  Boxer's  oii  1.5, 3,  'fir>,  Tliis 
consists  of  two  rocket  liu<lies,  one  l>ciiig  flxeil  in  i)roIongatioii  of  llif 
other,  to  give  great  leiigtii  of  buniiiig  and  Diglit,  witlioiit  any  siulden 
violence,  wliich  miglit  break  the  line  which  it  carries,'  or  in-egfularity 
fironi  uneven  Imminp. 

Thus  it  will  be  seen  that  "  iiistesul  of  inakinf;;  one  cavity  in  the  roekei. 
two  cavities  fee')  are  fonueil,  the  one  behind  the  other,  with  a  {wrtiouof 
solid  composition  (b)  betwt^ii  them,  ho  that  when  the  solid  ciiinpoBitiim 
(6)  is  burnt  through,  the  front  cavity  (<■)  is  ignited,  thereby  imparting  ti 
the  rocket  an  additional  impnlHe."  Tlie  stick  [d  il)  is  fixeil  at  the  side  of 
the  rocket.  Tlie  line  {e  e)  is  xifti^sed  throiifirh  a  liuUow  at  eu«li  end  of  lliv 
stick,  as  shown  in  the  annexed  cut  {Fig.  1,  Plate  LIU),  and  the  end  of  tiie 
line  is  secured  by  a  common  overhand  knot ;  two  IiKlia-nibl»er  ami  one 
brass  washer  (/)  are  placed  l>etweeii  the  knot  and  the  stick  to  reduce 
tbe  effect  of  the  sudden  jerk  which  is  given  to  the  Hue  when  the  rocket 
is  fired.  Tlie  arrangements  for  the  use  of  tliis  rocket  ai-e  the  same  as 
those  hitherto  oarrie^l  out  with  Dennet's  rockets. 

A  second  knot  is  usually  maile  in  the  ro]>e  near  the  hinder  end  of  tlif 
stick,  ill  case  the  line  should  be  burnt  through  by  the  flame  issuingirom 
the  rocket. 

N.  B. — All  Boxer  life-saving  rocketcasesare  protected  from  the  action 
of  the  eomiH»«ition  by  an  internal  coat  of  anti-corrosive  paint,  consisting 

'  Tiuio  of  bnruiug.  abont  4}  secondH. 

•  Qeiieral  Biixer  writes  iu  letter  of  25,  .^,  'G5,  that  hin  ohjecf  is  "  thp  cimtiniiaiice  nf 
the  propulaioD  through  a  mnch  longi-r  period,  without  any  oxceaaive  strain  npuu  tk 

Captain  Roliertnon,  R.  N.,  wiifes  to  secretary  marine  department  board  of  tnwlft 
9,  2,  '65,  tliat  Deuiict's  rockets  "  tretiiienlly  carry  away  the  lines,  and  sometimes  dcmi'' 
hinite;  they  are  also  donble  the  exjiense  of  lioxer's  rocket."  Insnectin);  Conminnilrt 
Earle  reports  on  a  trial  between  Boxer's  and  Dennet's  rockets :  "  Of  the  tliree  donlilt 
Dennet's  n)cket.s  only  one  was  any  use ;  two  broke  their  lines  and  struck  the  f^nuiL 
The  mcau  of  the  five  shots  with  the  Boxer  rocket  gave  a  ran)ce  of  3T0  yards  vpp'  Im^ 
and  with  much  less  strain  on  the  line,  as  it  never  brok*  with  Boxer's  rocket."  Kep"il* 
fhim  Inapectini;  Connnunders  Charles  anil  James,  from  Yarmouth  and  Lvdd,  are  mn- 
flrmatory  of  this  Ht^terneut,  19,  IU,  '65.  At  Whitby,  on  27,  U.  '66,  one  of  the  Peiinel'i 
rockets,  iKiiilinK  before  its  twin  nicket,  came  bock  anil  struck  the  inspeetiutt  ravnimaud* 

Captain  Robi-rtson,  in  letter  9,  2,  '05,  reimrts  that  Deunet's  rocket  attained  n  grenlM 
range  than  liuxer'a. 
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of  coital  varnish,  J  piut;  gold  size,  1  pint;  tiirj)entiiie,  IJ  pints;  white 
leml  (rtrj'),  7  ikmukIs,  beiiiK  the  same  as  in  now  applied  to  the  interior  of 
Hale's  rockets.  All  rockebt  maitnfa<:ture(l  since  li'^,  9, 'CI',  have  their  cases 
further  protected  by  blackening  by  burnt  oil. 

boxer's  lifk-saving  rockets. 

1.  Detaik  of  patterns. 

The  pattern  in  the  wootl-cut  known  as  Mark  I  was  approved  15, 3,  'R5. 
Mark  II,  Appiwed  9,  '66,  differs  fmui  mark  I  in  having  no  hole  to  take 
the  keep-pin  through  the  "  dip,"  the  pin  being  passed  through  the  stick 
in  front  of  the  "clip,"  because  it  was  sometimes  foimd  troublesome  to 
bring  the  hole  in  the  stick  and  "clip"  exactly  to  cover  one  another. 
The  sealed  itatteni  is  nearly  .S  iuch  shorter  than  Mark  I,  so  as  to  enable 
the  rockets  manufactured  to  conform  with  it,  it  having  been  found  that 
the  act  of  pressing  the  composition  slightly  shortens  the  whole  case; 
hence  that  of  tlie  dummy  pattern  was  longer  than  the  same  case  woidd 
be  after  pressing.'  Mark  III,*  approved  1,9,  '(W,  (litters  from  Mark  II 
in  having  the  case  made  of  Atla«4  {L  e,,  Bessemer)  metal.  All  manu- 
factnreil  sinc«  October,  1870,  have  the  vent  covered  with  paper  (uistead 
of  the  serge  plug).  The  pai>er  is  to  be  broken  before  tiriug.  It  is  im- 
jiortant  to  distinguish  I'attcm  III  clearly  from  I  and  11 ;  Uie  cases  of 
rockets  of  the  latter  pattern  having  been  found  liable  to  deteriorate,  and 
even  to  B])Ut,  from  their  being  taxed  beyond  their  strength  by  the  i)res- 
siire  of  the  composition,  are  ordered  to  be  very  carefully  examined  from 
time  to  time  for  rust  8i>ots  and  Indications  of  cracks.^ 

Paint:  formerly  two  coate  of  black  vaniish;  since  5, 11,  '70,  two  coats 
of  red  paint,  for  l)etter  protection. 

The  Impounder  Iife-sa^THg  rocket  stick*  is  deal,  9'  6"  long,  square, 
with  comers  shaved  off;  it  is  the  same  size  from  end  to  end.  It  is  bound 
at  the  iKittom  end  with  an  iron  ring,  and  is  plate<l  at  the  head  or  front 
end  with  plates,  which,  as  well  as  the  stick  at  the  front  part,  are  hol- 
lowed to  lit  close  to  the  rocket.  The  second  or  hinder  plate  is  3  inches 
long ;  it  has  a  flange  to  rest  agauLst  the  base  clip  of  the  rocket.  Over 
the  half  of  the  stick  next  the  rocket  is  tacked  a  sheet  of  tinned  iron  for 
a  length  of  fourteen  inches,  to  protect  the  stick  from  the  flame  escajting 
from  the  rocket. 

2.  Iron  pin  for  Ufesaving  rocket  Mark  I. 

This  is  an  iron  pin  1.2"  long,  No.  8  Birmingham  wire  gauge;  the  end 
is  bent  over  at  n  right  angle,  thus  bringing  the  length  do\vu  to  .85" 

3.  Brass  irasher. 

The  brass  washer  shown  in  the  wood-cut  of  the  rocket  •  "  •  is 
1"  in  diameter,  with  a  hole  in  the  center  .5"  diameter;  they  are  about 
.15"  thick. 

'  To  ptrvent  iiilxliiki-H  uriiiiiiK  from  cniiiiiariiia  iiii  ( 
'  The  numeral  marked  ou  the  pattern  Bealetl  aa  11 


'Th" 


crack  in  Kf (■''rally  derolopnil  in  a  lonffitndinal  liue  running  pamllel  to  and 
iiuiu  one  or  two  ini-hee  of  tlie  wiam  orjoint  of  tlie  nickrt. 
"Uork  III  Htipk  iH  HtPBnuthenert  Uy  hnvinjj;  the  |iiirt  next  tlie  1)bhp  of  the  roi-ki-f  more 
jverej  by  tlie  tin  ghiff ,  tvhicli  is  bIho  iiasBcd  uiiiler  ami  rtiiiiiped  by  tlie  iron  Bucket. 


sic 
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4.  India-rubber  tcanher. 

The  viilcaiiiz^l  Iii(liii-nit)l)er  waNliors  referred  to  in  the  derwri 
the  rocket  «re  botli  iilike,  eac-h  being  1"  m  diameter,  with  a  hoi 
eeiiter  jy  in  diameter ;  they  are  about  .7"  thick. 

II.  Macrise  foe  fieing  life-savtsg  kocket. 

(I'hite  XL,  Figs.  3,  4.) 

Tlie  machine  tor  ftrinfir  the  life-saving  rocket  (^nnists  of  a  iHtl 
the  rocket,  iu  prolongatioti  of  which  is  fisetl  a  pry-|>ole,  and  I 
rear  end  of  which  opring  two  leg»,  one  ojtening  to  the  right  an 
tlie  left.  Both  l)ed  and  prj'-poie  are  ma<le  of  sheet-iron,  th€ 
l>eing  an  open  rectangular  trough  3.2  inches  broail'  aiul  4  incht 
the  latter  one,  of  more  ronnded  form,  being  l.lSi>  inches  broad  at 
and  1.5  incheH  deep. 

The  front  end  ot  the  prj-jKile  enters  the  bed  for  a  length  of  'i 
the  npper  e<!ges  of  the  fonner  stantling  abont  .2  inch  alwve  then 
latter,  so  that  the  Ixrttom  of  the  larger  trongli  is  2.7  inebe.t  l>ent 
of  the  smaller,  to  allow  for  the  rocket  resting  in  the  bed  while  1 
lies  in  the  hollow  of  the  prj'-pole.  The  two  tronghs  are  fixed 
by  three  rivets  on  each  side,  the  siwces  between  them  on  each  sid 
to  their  dificrent^e  of  width,  being  tilled  up  by  a  piece  of  wrouf 
tiirough  which  the  rivets  iMiss.  The  front  edge  of  the  be<l  trougi 
»tra])iH«i,  and  its  remaining  edges  as  well  as  those  of  the  ptj'-imL 
are  "  wire-edged."  With  the  exception  of  a  strengthening  bar 
from  b«i  to  pry-pole,  the  rear  end  of  the  Tied  trongh  is  left  open 
the  front  of  the  pr>'-pole,  so  as  to  allow  of  a  free  passage  to 
escaping  from  the  rocket  base.  Two  pie<*«  of  wr«nglit  iron  ' 
long  are  riveted  along  the  after  part  of  the  sides  of  the  bed,  do; 
angles  fomieil  with  tlie  Ivottoni,  their  rear  ends  projecting  suflie 
allow  of  a  l>olt  secttred  with  a  screw  waslier  to  pass  through 
which  hinges  a  small  flat  piece  of  iron,  taking  two  other  1>olts 
and  imttcil,  and  each  long  enough  to  allow  of  a  socket  (ending  in 
which  admit  the  flat  iron  lietween  them  to  be  hingetl  on  it.  ' 
flat  iron  hinges  longitudinally  on  a  Imit  transverse  to  the  dir 
the  tronghs;  whilst  the  leg  sockets  move  transversely  on  hing 
tudinally  plac4Ml. 

In  each  socket  is  fixe«l  an  ash  leg  with  ferrule,  ha^nng  a  foot  p 
and  spike;  while  l>eneath  the  luy-pole  runs  a  strengthening 
end  to  end,  which  is  at  the  binder  extremity  bent  down  to  form  a 
spike.  In  the  right  side  of  the  beil  is  cut  an  o]>euing  to  adni 
entrance  of  a  porttlre  to  fire  the  rocket,  and  behind  this  is  fixe* 
quadrant  plate,  on  which  is  hung  a  plummet  and  line  to  give  e 

On  the  left  side  of  the  bed,  protected  by  a  copiier  cover,  is 
lock  of  siin]ile  construction,  with  a  lever  trigger,  to  which  is  at 
line,  led  through  one  sheave  on  the  left-leg  socket',  and  another 
left  foot.  Near  the  right  foot  is  fixed  by  two  screws  a  strong  n 
bnckle  to  enable  the  two  legs  and  prj-pole  to  be  stra]>pcd  togt 
more  convenient  stowage  when  not  in  iise. 

Mark  I  trough  or  machine  has  long  existed ;  it  was  sealed  ii 
l>er,  18tK).  This  pattern  has  a  ver>-  small  block  flxeil  to  a  ring 
left  foot.  It  is  difficult  to  pull  the  trigger-line  finm  the  ri 
owing  to  the  stiff  movement  of  the  little  block. 


,Goo'-^lv 
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Mark  II  was  approved  21, 10,  '70 ;  it  differs  from  Mark  I  as  follows : 

l8t.  The  trigger-level  is  prolonged  to  a  length  of  alwnt  4  iiiehes,  so 
as  to  allow  of  the  lock  being  worked  with  a  lighter  pull, 

2d.  The  pulley-block  on  the  left  foot  is  replaced  by  a  sheave  of  mach 
larger  size  Hxed  through  the  middle  of  the  wood  (which  is  9Upport«l  by 
a  band) ;  this  pulley  enables  the  nia<^liine  to  be  fire<l  from  the  riglit  side. 

3d.  The  oi)euing  in  the  right  side  of  the  trough  is  furnish^  with  a 
sliding  cover. 

Mark  III  machine  differs  from  the  previous  pattern  only  in  having  an 
arrangement  for  causing  tlie  Queh  fVom  the  detonating  tube  to  strike 
direct  np  the  axis  of  the  rocket.  Tliis  is  eftWite*!  by  making  the  vent  or 
channel  for  the  tube  in  a  circidar  form  instead  of  straight  across  the 
machine. 

N".  B. — A  spare  spring  is  onlered  to  be  supplied.  A  primiug  wire  for 
life-saving  rocket  machine  was  ajjproved  on  20,  5,  '70,  and  a  pattern, 
!Mark  I,  seale<l.  It  is  formed  from  iron  wire  No.  5,  Birmingham  gauge. 
It  is  about  i  inches  long,  being  formed  into  a  loop  at  one  end.  On  21, 
10,  *70,  a  pattern,  Mark  II,  was  approved,  differing  from  Mark  I  in  being 
twisted  lo  form  a  screw  at  the  part  near  the  point.  On  4,  9,  '72,  Mark 
III  was  approved ;  it  is  curved  to  fit  the  vent  in  Mark  III  machine.  It 
is  nsed  to  cleAr  the  vent  of  the  life-saving  machine  of  any  portions  of  the 
ijnill  tube  that  may  remain  in  it  after  firing, 

ni.  Stores,  etc, 

1.  Life-saving  rocketttibe. 

The  life-saving  rocket-tube  consists  of  a  goose-quill  body  about  li" 
ill  length,  driven  and  pierced  in  the  usual  way.  The  large  end  of  the 
qaill  is  closed  by  a  disk  of  tissue  paper  being  varnished  over  it.  Into 
the  smaller  end  of  the  quill  is  secured  with  diamond  cement  a  pigeon- 
quill  about  an  inch  long,  which  enters  the  large  tube  to  a  depth  of  about 
.1  inch.  This  tnbe  is  Mle«l  witli  detonating  composition.*  Round  the 
extreme  small  end  runs  a  small  band  of  kauiptulicon.  These  tubes  are 
used  for  firing  life-saving  rockets.  The  body  of  the  tube  is  inserted  into 
the  vent  of  the  lock  at  the  side  of  the  machine,  being  held  in  its  place 
by  a  small  piece  of  brass  which  shuts  on  its  neck  just  below  the  kamp- 
tulicou  band.  The  descent  of  a  spring-hammer  edge  crushes  the  detonat- 
ing end  of  the  tube  and  fires  the  same.  They  are  packetl,  by  the  special 
request  of  the  board  of  trade,  in  larger  quantities  than  other  tubes,  viz, 
liiO  in  a  (Xo.  27)  tin  cyhnder,  which  is  closed  by  a  calico  band  attached 
by  shellac  over  the  junction  of  lid  and  body. 

2.  Fuse/or  Ufesavittg  rocket,  MarJc  I, 

This  is  1".5  long ;  it  is  made  of  pai»er ;  it  contains  an  inch  of  ordi- 
nary' fiise  comiKtsition ;  it  is  conical  in  shape,  and  its  sides  are  covered 
with  kamptolieon,  being  brought  up  to  fit  the  vent  in  the  base  of  the 
life-saving  rocket ;  it  has  a  paper  cap  tie<l  on  with  twine,  which  need  not 
be  removed  before  firing ;  it  bums  for  about  five  seconds,  and  is  required 
for  use  with  the  portfire. 

■DeloiuttiiiK  CKUnpoaitiDD  for  quiil  Action  ttibeu;  Potash,  rhlornte  of,  6  oniirm; 
aniimonr,  enlphiilu  of,  6  ounces ;  groTiixl  xlaxs,  1  ounce,  10  drams.  Uaiujx'id  with  VHr- 
□ish.  of  spirits,  methyiat«<ij  1  iiuiirt;  shfllac,  357  grains,  in  the  proportion  of  75  mininiB 
to  t, 000  grains  of  compoaition. 
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STOBES  COSNECTED  WITH  THE  LIFE-SAVINQ  HOCKBT. 
3.  Light  for  iUumlnatlng  wrecks  (Mark  I),  March,  18i4. 

Tlieli^'ht  (Fig.  2,  plate  LIII)  is  about  28|  inclies  in  length  aud  2.6 
in  diameter.  It  consists  oi'  a  eyliudrieal  case  of  1  X  tin  shi 
leu^bs  of  i^  iiiclies  eatili,  fitted  together  and  connected  by  emal 
ol'  tin  slicet,  half  an  inch  in  width,  soldered  over  each  joint.  1 
is  filled  with  the  following  coinpositiOD,  viz :  8alti>eter,  grouud,  7 
sidphiir,  snblimed,  I|  poiiniU;  or{>inient.,  ["ed,  J  ponud.  Ont 
fittiHl  with  a  piece  of  wooil,  with  a  loop  of  iron  wire  attaished 
suspending  the  light;  the  other  end  is  primed  with  mealed  i)owi 
eovei'ed  with  a  kit  plajiter. 

Tlie  stanti  is  a  simple  trii>od,  vousistiug  of  three  wooden  legR 
feet  in  length,  eoiiuei^ed  at  the  top  by  a  piece  of  iron  wire  li 
small  hook  att^ichetl  to  it,  ou  whieh  the  light  ia  snapended ;  t 
three  iron  rods  whieh  are  hooked  to  aiid  connect  two  of  tbc  legs, 
an  incline  lor  the  light  to  re«t  on,  so  as  to  hang  iu  a  sloping  dii 
not  vertically  dowuwanl. 

Tlie  light,  if  hung  as  de»cril>ed,  clears  itself  of  dross  when 
aud  is  kept  fui-ther  clear  by  the  ease  separatiug  at  each  joint 
heat  of  tlie  burning  composition  successively  molts  the  solderin 
bands,  llie  time  of  bui-uing  is  about  30  minutes.  This  light  i 
be  roughly  handled  or  thrown  about,  as  it  is  liable  to  be  broke 
at  the  junction  of  the  segments.  Care  must  be  taken  in  remo< 
cap  before  lighting. 

The  case  must  l>e  grasi>ed  finnly  at  the  caiti>ed  end  whilst  th 
torn  off  by  means  of  the  string  loop ;  if  there  is  any  difficult)'  in 
ing  the  cap  it  must  be  eased  off  round  the  wlge  by  iuserting  tl 
of  a  knife. 

4.  Portfire,  Boxer's,  for  life-saring  apparatus. 

Differs  from  a  common  portfire  in  being  8  inches  long  aud 
intended  to  ignite  by  means  of  a  detonatjug  primer,  in  the  sami 
the  long  general  service  light,  the  end  being  closed  by  a  tin  a 
piece  of  luimptulicon,  and  strengthened  by  a  tin  band  perforates 
the  detonating  primer,  which  enters  into  a  small  si>ave  beneath  tl 
tulicon.  Hie  eomi>osition  is  primed  iu  tlte  usual  method  nitl 
jKiwder,  perforate*!  in  the  center. 

5.  Metal  handle  for  long  light,  general  ternice  (Mark  I),  used  i 
saving  apparatus,  Mark  I. 

Consists  of  a  hollow  cylinder  of  tinned  iron,  fitting  on  to  a 

end ;  it  is  closed  at  the  opposite  end  by  a  metal  screw-cap,  to 

hinged  on,  by  means  of  a  brass  pin  passing  through  two  brasE 

,  so  as  to  form  a  hinge,  a  copper-covered  piece  of  wood,  with  si 

verse  cells,  each  to  hold  one  jirimer. 

6.  Handle  for  portfire  vaed  tcitk  life-saring  apparatus.  Mart 

Consists  of  a  tuined  iron  cylinder  closed  across  with  tin  and 
I  quer,  bo  as  to  form  a  socket  to  take  the  portfire  end  at  one  e. 

.  held  by  a  tightening  screw.    The  body  is  hollow,  closed  with  si 

1  and  piece  of  wood  copper-covered  and  recessed  with  seven  celli 

I  one  detonating  primer  each. 
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I.  Tin  box  for  life-saving  rocket  stores,  Mark  II. 

Tliirt  is  Rimply  a  tin  box  with  a  hinged  lid.  Length,  6".l ;  breadth, 
3".C ;  depth,  S*'.!).  On  the  lid  is  a  label  giving  the  contents,  viz ;  0  fitBes, 
9  detonating  tubes,  0  iron  piiiit,  I'l  India-nibber  washers,  6  braw 
washers. 

8.   Wood  boxes  for  lights,  &c.,for  life-sariiig  apparatus,  Mark  I. 

These  are  two  yellow  deal  boxes  closed  with  hinged  Hds  secured  with 
ha^ps  and  staples ;  they  have  int«'mal  fittings  to  suit  the  stores.  The 
larger  one  is  13".3  x  8",  x  11".5,  exterior  dimensions.  The  smaller  one 
is  12".2x  6".2x  ll"..'i,  exterior  dintensious  {the  depth  of  both  bein^ 
the  same).    Their  coiiteiit^t  are  as  follows: 

I^igv  box.   Small  box. 

LitElito.  lonK 10  6 

PortlirM 12  6 

IlaiidltA  light 2  1 

HituilW,  iMirtHre 2  I 

IVtoiiatiiiK  primen  for  lifclitH 12  7 

Di-tunatLn);  i>riuii.'ni  fui  portlircB 14  7 

IV.  TTSB   OF   LIFE-8A.TINQ  BOCKET. 

Instnictions  as  to  the  use  of  the  rorket,  togetlier  with  dii-cctioiiM  as  to 
the  formation  of  volunteer  life  brigades,  the  i)rovi8ion  of  requisite  stores, 
&e.,  are  issued  by  tlie  board  of  trade  in  the  form  of  a  itainphlet,  entitled 
'•  Instructions  in  resi>eet  of  the  Bot^ket  and  Mortar  Apjiaratiis  for  saving 
Life  from  Shipwreck."  A  short  description  of  the  method  of  using  (Plate 
LIV)  the  life-saving  apparatus  genemlly  adopteil  is  here  given,  taken 
]>artly  from  Uiis  ]»amphlet  and  piu^ly  from  information  supi)Iied  by  Cap- 
tain Robertson,  H.  If.,  also  Mr.  John  Foster  Stance,  Mr.  Oilbert,  and 
members  of  the  Tynemouth  Volunteer  Life  Brigade, 

A  suitable  part  containing  the  neccssarj'  stores*  is  run  down  to  the 
l>est  poRitioii  for  action."  The  ntachino  is  placed  to  stand  as  firmly  as 
circumstances  will  iK'rmit ;  for  a  maximum  range  tlie  trough  should  be 
laid  from  .tr>o  to  38'^,  the  box  in  which  the  line  is  fakeil  being  placed 
from  aboiit  (J  to  0  feet  to  the  rear,  and  6  to  !)  feet  to  leewarti,"  the  top 
with  the  pins  l>eing  taken  out  and  the  box  slightly  tilted  itith  its  moutli 
towardH  the  front  with  the  line  lying  in  it,  tlie  end  being  threaded  through 
the  roeket-stick  and  knotted  over  the  washers  and  also  some  way  along 
the  stick ;  "  the  lanyanl  by  which  the  rocket  is  fired  should  be  pulled  by 
a  man  standing  on  the  windwant  si<le,"  the  nxikct  )>eing  fired,  if  possi- 
ble, by  the  tul^  without  the  fuse  '*  in  oi-der  that  it  may  l>e  discharged 
the  instant  a  favorable  opportunity  is  presented,  which  opportunity 
might  pass  while  the  tUse  is  bnnung. 

It  is  verj'  important,  for  more  than  one  reason,  to  effect  a  communica- 
tion with  as  few  unsuccessful  attempts  as  possible ;  not  oidy  is  precious 

*!jee  list  uf  Hlor«a  ou  a  Bulxtequunt  ^»{[<>- 

"  Ab  the  r">cki't  cftuiiot  uuiler  aii^-  firtumatanceB  In-  expected  to  earn,-  much  over  380 
yarrln  (  '     '     *),  the  choice  of  potnfioii  niiiat  geiii>m11y  !«  very  liiiiiteil. 

'■  The  TDckpt  ttlanil  may  be  capeiEed  by  the  liiio  runniiiE  out  if  the  line  I>c  laid  to 
windvanl ;  the  coil  Hliould  be  as  little  out  of  the  liue  of  llT);ht  ns  nuty  be,  for  it  ii  ob- 
vions  that  the  pulling  of  the  line  tends  to  draw  the  ii^iiB  of  the  rocket  in  the  direction 
uf  a  line  laaaiDv  from  the  center  of  Kravity  of  tlie  nx'ket  to  the  Mpot  where  the  rope  in 
coiled.  That  the  iM>iiiti<in  nf  the  roil  of  rope  aHecleit  the  fliKht  of  the  roi^ket  cousider- 
alily  naa  painted  out  by  Captain  Aiidemuu  in  u  proof  re^iurt  ou  rockets  fired  at  !Jhoe- 

"  Vide  (omittcil). 

"To  be  clear  of  the  line  as  it  runs  out. 

■'The  slide  lid  in  Mark  II  nmchine  over  the  oiiriiinK  tm  the  right  side  used  for  the 
admissioD  of  a  port6re  in  to  be  kept  closed.  Stiuuld  the  tnl>e  be  found  weak  a  few 
ntrands  of  quick-match  may  be  doubled  and  inserted  so  as  to  project  fioai  the  veut  of 
the  rocket- 
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time  Trasted,  but,  after  tlie  line  becomes  dirt>'  and  wet,  the  oliauc«s  of 
snccess  are  decreased.  At  short  rauges  it  may  be  desirable  to  fire  the 
rocket  at  a  lower  elevation  than  35°,  for  it  is  easier  to  project  the  rocket 
betn'een  the  maats,  when  the  line  must,  of  coui-se,  follow  it,  than  to  fire 
it  high  iu  the  air  with  the  allowanee  necessary'  to  cause  the  line  to  fall 
between  the  mastfi.'*  When  the  crew  of  the  WTOck  si^al  that  tliey 
have  the  line,'*  the  rocket-brigade  make  fast  their  "whip"  by  bemltug 
the  rocket-line  round  both  returns  at  about  12  feet  troni  the  tailed-block 
and  signal.'''  Tlie  wreck's  <;rew  then  haul  in  and  nmke  (ast  the  tail  of 
the  block  ahovt  18  inche*  belinc  the  highest  secure  part  of  the  skip"  fsome 
distance  up  the  nmst,  if  iiossible),"  unbend  the  rocket-line  and  signal 
While  the  crew  are  drawing  this  "whip"  in,  it  is  eRpecially  uecessaiy 
that  the  brigiule  on  shore  should  see  that  the  lines  are  carefully  paid  oat 
to  them,  keepuig  the  two  parts  steadily  iu  hand  at  the  same  time,  uot 
letting  them  out  faster  than  the  crew  on  Iward  the  wreck  can  haul  iii ;  tlie 
men  who  have  charge  of  the  two  coils  of  the  whip  being  specially  carefiil 
that  the  lines  run  out  all  clear  from  the  coils.  On  seeing  the  ship'j 
signal  the  brigade  attach  the  hawser  6  or  9  feet  fi-om  its  end  to  m 
return  of  the  whip  and  haul  on  the  other  return,  so  as  to  carr>'  the  linv- 
ser  to  the  ship;  which  the  crew  make  fastisiiichesaljove  the  whip(».(■ 
to  the  highest  safe  point),  and  then  discoiuiectit  ft-oin  the  whip  and  "dg 
nal."  While  those  on  shore  are  hauling  the  hawser  on  board  the  shi[),il 
is  especially  necessary  that  the  men  in  charge  of  the  whip  should  kef? 
the  returns  of  the  opx>ositw  end,  if  possible,  'M  yards  or  more  apart,  aai 
the  bawser  nearest  to  the  hauling  i>art,  to  prevent  the  hawser  takis; 
turns  round  the  wbij),  wliich  is  very  liable  to  oe(;ui'  even  when  tliese 
precautons  are  observe/l,  and  the  wrecked  crew  should,  if  possible,  ascer- 
tain before  making  the  hawser  fast  that  it  is  all  clear.  On  this,  lb* 
brigade  ha\'iug  adjusted  the  block  of  the  bree<;he8  buoy  to  run  on  the 
hawser,  attach  one  return  of  the  whip  line  to  it  by  a  clove  hitch,  anJ  if 
the  motion  of  the  wreck  is  slight,  lead  tlie  hawser  through  the  snatch- 
block  of  the  triangle,  and  set  it  np  ft,  e.  haul  it  taut),  by  means  of  tlieir 
"double  block  tat^kle  jmrchase."  This,  however,  can  be  paid  out  or 
hauled  in  but  slowly,  if  refjuircd  to  follow  the  motion  of  the  vessel.  If. 
therefore,  the  sea  beats  the  wreck  about  violently  it  will  be  better  not 
to  use  the  double  block-tackle,  but  to  keep  the  hawser  taut  by  manning 
it  with  as  many  hands  as  can  be  spared,  so  as  to  follow  the  oseillatinj! 
motion  of  the  wreck  without  ri,sk  of  tlie  communication  being  broken. 

It  will  be  seen  in  the  woo<l-cut  that  while  the  whip  return  by  wliieh 
the  buoy  is  hauled  towanls  shore  must  be  pulled  fair  along  the  hau'seK 
the  opposite  return  should  throughout  be  kept  wide  of  it. 

The  crew  may  descend  one,  two,  or  even  three  at  a  time,  in  the  brceehw 
buoy."*  In  cases  of  very  riolent  Avind  the  empty  breeches  buoy  has  been 
carried  right  roimd  over  the  top  of  the  hawser,"  folding  the  whip  with 
it :  it  is  therefore  well  not  to  let  it  panse  while  on  a  journey,  especially 
when  traveling  empty  back  to  the  wreck. 

>'  Kvi^n  at  35°  1  l>elieve  thtt  rockt^t  ([«aera1I;  iwjwvs  betwe<'D  moHts. 

"Eitber  by  a  wave  of  baiid  or  tng,  a  li^bt  Hliuwn,  or  a  Enn  BreA. 

"Generally  by  red  flag  by  day,  and  red  licbt  by  night.     Vide  Itoard  of  trade  diiwtoM- 

"Thereareinnnyreawnsfortliia.  Int.  The  hawser  will  bend  with  the  weight  o/ suj 
person  traveling  on  it,  and  perhaps  lot  them  into  the  water.  2d.  If  near  the  ««Kr 
the  wash  of  tbe  sea  may  twist  and  foul  the  ropes.  3d.  The  higher  the  atartiu^  V^inV 
the  easier  it  ia  to  haul  a  ni'ight  to  the  shurn. 

"I  have  been  infoniied  cif  an  iiidtance  of  a  whole  crew  lieing  drowned  by  makinf! 
ftstto  theknighthemlaoo  the  dock,  instead  of  some  point  np  the  mast.  I  mayolw-n' 
that  a  brother  of  my  own  iu  traveling  experimt>u  tally  on  a  low  hawser  descended  into 
the  sea,  bat  it  is  hardly  necessary  to  enunciate  that  there  ia  a  limit  to  the  distoDi* 
which  a  person  can  be  drawn  through  the  stuf  withont  drowning. 

"For  tbe  <(iiirkeitt  rate,  Jkc,  itee  subsequent  pages. 

>■  Cnptaiu  Kubertaou  inforuiB  me  that  tbis  has  been  reportetl  as  having  occuned. 
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III  oTfrent  case»,  ^jIlclt  an  the  tbreatened  inuiiediate  break  up  of  the 
wreck,  one  or  more  buoys  witli  lines  to  tliem  eomiiinnicnting  with  the 
shoi'e  Diay  be  jwase*!  to  tlie  wreck  directly  the  whip  is  made  fast,  or,  a$;ain, 
the  "  buoy  "  may  be  made  f'a«t  to  one  return  of  the  endless  line  while  it 
travels  on  the  other,"  at  the  same  time  the  hawwr  slioidd  be  set  up  when 
liractieable.^ 

V.    FUGHT   OF  LIFE-SAVING    ROCKET. 

It  may  beseen  that  the  construction  of  the  life-saring  rocket  is  not  such 
an  will  enable  it  to  carry  truly  when  $red  without  its  rope.  Ita  Btick  ia 
tixed  on  one  aide  of  it,  hence  in  flight  the  resultant  of  the  resistance  of 
the  air  on  its  anterior  part,  acting  at  a  point  termed  by  General  Maiev- 
sky  its  "  center  of  resistance,"  will  not  be  opposite  to  its  center  of  gravity, 
and  benee  a  coaple  tending  to  deflect  the  rocket  will  be  established. 
On  page  •  •  •  the  case  of  a  rotating  elongated  projectile  proceed- 
ing in  a  direction  not  coincident  with  that  of  its  axis  is  discusstAl,  The 
cqse  of  the  rocket  somewhat  resembles  it,  the  teinlency  of  the  rotation  to 
i-esist  the  deflecting  couple  being  answere<l  by  the  mechanical  action  of 
the  stick,  •  •  •  the  velocity  of  rotation  and  the  length  of  the  stick 
being  the  relative  "ftinctiona"  of  the  steadying  force  in  fiie  two  cases. 

Now  the  stick  of  the  life-saving  rocket  is  not  only  placed  on  one  side, 
but  is  also  a  little  curtailed  in  its  length ;  it  may  therefore  be  readily 
seen  that  this  rocket  is  constructed  on  the  supposition  of  its  carrying  a 
line,  w  lien  the  pull  of  the  line  ftx)m  the  starting  poiut  will  act  to  draw 
the  stick  and  rocket  into  the  production  of  the  line  of  flight  it  has  taken 
up  to  the  moment  considered ;  this  8tea<1ying  power  (in  spite  of  the  wind 
carni-ing  the  middle  of  the  line  in  a  bend  to  one  side)  becomes  very  great 
iiulml  after  the  rocket  has  proceeded  any  considerable  distance.  From 
this  may  be  deduced  two  facts,  which  it  may  be  vitally  imi>ortaut  to 
consider  in  firing  the  rocket : 

Ist.  Tliat  the  «ind  will  carry  the  rocket  and  line  with  it,  because  it 
will  not  have  the  power  to  detiect  its  axis  so  as  to  point  the  rocket  up 
the  wind. 

I'd.  It  iit  very  desirable  to  start  the  rocket  at  a  momentary'  lull ;  for  if 
the  first  action  of  the  wind  carries  the  rocket  to  one  side,  it  will  exert  its 
I'owe  afterwards  in  prolongation  of  this  incorrect  direction. 

If  the  rocket  iiiacliine  be  brought  into  action  on  uneven  ground,  cans- 
inpr  the  foot  on  one  side  to  be  lower  than  that  on  the  other,  or  if  one  foot 
sink  deei)er  than  the  other,  as  might  occur  in  yielding  »and,  the  eft'eet 
will  l)e  to  cause  the  i-ocket  to  caiTy  towards  the  lower  side. 

Issue :  Six  rot-kets  in  a  packing-case. 

"Tlii-fiulliwliiii'  iiniKt  bii  cut  ti>  cH'i'ct  lliis;  it  in  bt-nt  tu  iiiukcfiut  tlio  I'udit  tu  the 
ifriiiiiiiii'tH  or  (ll>)Hl^<it('  Ki(li'»  of  t])('  liri:-liiuiy. 

■■'  Vuriitnd  nn-tlinilii  of  i-si-niie  tVoiii  u  wn-clc  linvc  Iktii  ilFvitn-il  aiirt  some  carried  out ; 
l!ii'  rri'w  lire  Ki'inT.iHy  iii  ii  iieiiriy  1u'1|)1i'as  rniKlitiini  willi  tlic  waves  beating  over  tbtMii, 
till'  iiKwl  fp.iKilili-  e\]it!ilii-iit  nii|K-HrH  to  me  to  1h'  Ibut  of  a  kit<*,  m  ttiri'e  in  KPiiiTAtly  a 
>-ioU'nt  wiiMl  lilowiiiR  from  ttii!  wreek  to  tlie  tlicn',  auil  c»u8i<ieriug  the  coiuiiarativo 
■•'nen  of  Ilk-  ship  anil  tin-  laiiil  it  weiim  reaxoiinbli-  (an  iirojiowil  by  L'aiitoiu  Swres,  R.  X., 
riilr  '■$i>jHnaniiliiii,"l>y  tbnt  oHii'tr,  y>.  220-32)  to  ciiH  atI«mtion  to  tlio  poMtibility  of 
tlir  iTPw  makiiiK  niul  KPttiii);  i>t(  a  kite  u-heii  the  uienns  ou  Ittiid  weio  iimufllcieut  to 
i-'Iiililinh  a  comniiinieation.  Once  let  tlio  kite  flyover  tbc  land,  tlie  aiKldeii  jiayiu);  out 
of  it-i  line  ironlit  i-ai»ie  it  to  ilrop  nn  tlio  hIiod'.  Cniitaiii  Robertson,  R.  X.,  lufoniiH  mo 
I  bat  a  Dian  hanlieoii  known  to  Hwim  fWim  a  nliip  with  a  line,  nmixting  hiniwlf  by  a  kite; 
ii  is  here  obvious  tliot  Ibit  kite  niiKlit  1iav«  t-nrrimi  a  Mght  line  liy  wbicli  iiil>;lit  have 
Ix-cn  pwned  iitron)i;t>r  oiiea  till  a  han'ser  veaa  at  loHt  cnnieil  ai'roH*. 
210BD 
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VI.  EXPSBIENCE  AS  TO  BAKOE  AND  ACCl'RACY.'* 

Id  1S6S,  52  rockets  fired  iii  suocetwion,  in  course  of  proof,  at  33°  ele- 
vation, gAYe  an  average  range  of  37S  yarda,  vliich  may  be  considered 
a  low  one.    It  certainly  includes  one  or  two  exceptionally  short  nuiges. 

"  The  following  are  nnsweni  whlcli  were  kiudly  funiislied  by  Mr.  J.  F.  Sp«iic«,  bon- 
orary  secretaij-  to  the  TJ^le  mouth  Life  tiriffade,  to  some  of  my  qnestiuus.  I  tliiuk  moiit 
readers  wonlii  prefer  liavino;  audi  answers  rfrbatim  to  any  anmmary.  wliirh  would 
deetrof  their  rharacter  and  the  spirit  which  runs  through  tliem.  It  would  be  difficult 
a  better  anthority  than  Mr.  Speuce  iu  thene 
eknl  merpHiful  pfrfonMaHcr  of  vork  gou  remfwi 

iras  with  the  Hcbooner  Light  of  the  Hareiu.  ■  _  _ 

Pier  on  the  8th  of  February  laat  (|r4T0).  The  rocket  wsh  ftred  at  3(1  minutwi  paat  4 
p.  ni.,  ami  the  first  mau  wa«  laiideil  iu  14  ininuteti;  the  laat  man  (tliere  were  five  of 
tliemj  iu  24  niiuutcH  from  firiug  the  rocket.  Tliat  wm  uenrly  5  minutea  a  niuii.  This 
would  have  been  much  uiore  quickly  iloue,  lint  the  men  ou  Ixiard  the  whooner  ilid  not 
iiuderatand  how  to  use  the  ■iiparatiiR.  ami  ao  delayed  many  minilten.  You  will  nntiee 
the  four  laat  n>eii  were  hmded  in  10  miuutw  (the  ftmt  mau  iiccupinl  14  miinitiw) ;  lra( . 
«8  I  aaid,  thin  arose  in  a  lueaaiire  from  their  i^orauce  of  bow  tv  act." 

1.  A»  to  kinking  i^manila  JiHca.  ifr. 

"The  rooket  linen  are  now  made  of  liemp  (at  lea.it,  ho  wc  suppose ),  and  are  much  mnn- 
•oftly  laiil  than  Ibey  used  to  lie.  The  retinlt  in,  thry  rarely  kiuk.  We  still  have  the 
.  old  trouble  with  the  lines  fouling  as  they  are  drawu  utf;  that  in,  when  the  wbip  ia  on 
board  aud  made  fiuit.  Yon  then  attacli  the  hawaer,  leax-iuc  alwiit  two  ar  three 
fathoma  frei>,  iu  order  that  the  wreckeil  people  may  more  eaiuiy  lis  it  to  the  luaHt. 
This  free  end  is  ver;r  liable  to  take  tiiruK  round  the  whip  in  hanlmfc  ofl'.  and  the  result 
ia  Budnfti*!]  ban  been  that  the  breechen  buoy  cannot  lie  hanleil  nif  to  the  abip.  In  day- 
lif{ht,  if  thia  happena,  any  aailur  sei'a  it  at  once,  aud  can  put  it  riKht.  but  iu  a  ilark, 
stormy  uigbt  thia  ia  much  more  didiciilt  to  do,  and  when  they  think  they  are  takiiii; 
the  turuH  out  they  may  be  making  more.  It  aiim  uecessttatea  alacking  ot(  the  hawner, 
so  that  the  people  on  board  tihip  may  loose  it  to  get  the  turns  out." 

a.  rue  gratlnt  rtingt  yon  hart  rradird. 

"IpreBumeyouwill  mean  when  flrinjE  at  atihlp  iudiHtmM.  On  the  8tli  of  febmary. 
1^(1,  at  3.30  p.  m.,  n  large  bark  was  stranded  on  the  »i)»t  Hawk,  a  apit  of  sai'id 
about  half  a  mile  eaHt  of  the  Black  Midden  Rorkn,  at  the  mouth  of  the  Tyue ;  sb«  would 
be  about  350  or  360  yaril»,  at  leant  350  yards  by  mraturrmetit.  from  the  nenrcitt  point  of 
the  rocks  on  whieli  wc  could  stand  tonne  tlie  npjutnittu.  The  Arstahot  fell  faralMttnf 
her,  we  suppose  bMaiiae  it  had  not  HUlBcient  elevation,  and  the  line  was  wot.  Tlie 
second  rocket  wan  laid  with  a  few  def^i^R  more  elevation,  with  a  new  rocket  lineqnttr 
dry  aud  ftvali,  mid  flew  rlRlit  lietwit-u  her  inasta.  The  line  ia  250  fathoms  in  length.  I 
thinktlielTnii({htl)el0orl2fathomsof  the  Hue  left  iu  band.  The  wiml  was  8.  E.  by  S.. 
force  10,  blowiii);  almoat  athwart  the  line.  This  wim  a  grand  shot ;  I  never  aaw  a 
Iwitter.     No  one  thought  the  veeael  could  be  reaclteil." 

3.  trhtlhtr  yoH  generallg  tote  one  or  inorr  rorkelt  before  jiroN  eatabliiik  a  coMiniuiicatio*  f 
"The  force  of  winil,  aud  position  in  which  the  ship  lies  with  reH{>eet  to  the  direction 

of  the  wind  anil  idtnation  of  those  on  sitore  who  are  endeavoring  tu  estahliHh  a  com- 
uiunication,  greatly  affects  this  (juestion ;  for  instanee,  there  may  be  ■  snddeu  lull  in 
the  violence  of  the  wind,  aud  ynu  think  bo  take  advantage  of  it,  lay  your  rocket  aec<Hd- 
ingly,  and  fire ;  just  as  you  pull  the  trigger  line,  the  squall  returns  with  renewed  force. 
and  the  conaequence  is,  your  rocket  is  cnrried  far  away  itoin  the  object  aimeil  at.  In 
most  inatancea,  however,  we  luii'e  surcee4led  iu  throwing  tlie  line  over  wret-ked  shiiw 
the  first  shot ;  I  think  we  only  misseil  unco — In  the  case  I  have  detailed  to  you.  Then 
comes  another  difficulty;  take  an  instance.  Ou  the  ijth  of  Fel)ruaty,  tliis  year,  at  4 
o'clock  a.  ni.,  the  '  Susannah,'  a  schooner,  was  wrecked  on  the  Black  Midden  Rocks, 
wind  8.  B.,  force  10.  It  waa  about  5IKI  yards  trom  the  station  to  the  point  of  nieks.  the 
nearest  we  could  reach  to  her.  In  B2  minntes  we  fire<i  the  first  rocket,  which  went 
right  over  her,  but  there  was  nn  attempt  to  pull  the  line  on  board;  we  went  on  flriug 
rocketa  till  five  in  all  wore  exjiendnl.  The  hues  all  fell  over  the  vessel,  but  it  turned 
out  that  the  rigging  whs  in  such  a,  wretche^l  stnte  tb.it  the  lueu  could  unt  diaeiitnngle 
one  of  them  from  it  till  the  last  one  whs  tired,  which  went  clear.  Iu  10  uiiitiit«8  from 
this  time  we  had  the  first  man  ashore,  and  in  13  minutes  more  the  other  three,  but 
they  were  very  much  exhanstitd,  as  it  was  nearly  7  o'clock  a.  m.  when  we  got  them. 
For  two  hours  and  a  half  they  had  been  exiHiseil  to  the  full  fury  of  the  storm,  eveij- 
wave  rolling  over  them ;    one  mau  was  lost — w!whed  overboard  with  one   of  the 

4.  Do  jrou  jSiitf  the  's»lem  of  irorl  to  far  aiiderttoorl  grtternUg  an  to  enable  the  creic  It 
eanform  to  soar  operation' t 

"  In  niHiiy  cases  1  ssy  they  do  not ;  this  is  one  of  the  d.'fflcultifs  we  tave  to  contend 
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the  miuimuin  oue  being  286  yards,  the  maximimi  450.  The  average 
deviataon  frwu  tlie  line  oii  which  the  rocket  vas  laid  va»  12  yards. 

la  1870,  ISl  rocketa  fired  succeHsively  at  proof  gave  aD  average 
range  of  SH  yards,  the  inexiuitun  range  being  470  and  the  miuimuin 
330,  the  mean  deviation  being  about  35  yards. 

lu  calculating  lor  the  etlects  in  cases  of  storm,  rather  a  low  range 
muMt  cmamouJy  be  expected,  the  wind  generally  blowing  more  or  less 
against  the  direction  which  the  rocket  has  to  take. 

tritli  on  ■  dark  iiiglit,  aud  with  a  abip  at  such  a  diBtaucp  troiii  tlic  shurr  tliiit  we  oaii- 
not  make  tbe  crew  hcKr.  I  liave  iirgra  Htmiif^ly  on  tlif  b<ianl  of  trade  to  liave  a  L'laune  . 
iu  tlic  new  ra^Tvliant  sLippius  bill,  niftkiug  it  compiilHiny  on  all  owuent  of  eeagoiig; 
vcswts  of  all  dcBcriptioiut  to  Lave  their  simple  diiM'tioua  an  to  know  how  to  iwe  the 
appatvtuN  pniliti-d  on  a  pieee  of  tin,  and  nailed  to  the  niaat  or  in  Bome  couHpiunoiut 
part  of  tbe  v«wh'I,  ho  that  the  Hailorn  cannot  hflp  leamiuE  wbat  they  bave  to  do  wlieu 
wrecbtHl  and  a  roi'tcet  or  Hbot  ia  Hn-d  over  tbeni.  I  neverknew  a  crew  tueatablishconi- 
uiunicatiim  with  a  kite,  Ixit  buve  heard  of  Hh  l>cing  tried.  I  fear  iu  case  of  sliipwreck 
it  would  )>e  difficnlt  to  net  a  kite  lip." 

Tbe  folloniug  acconutit,  takeu  from  tli«  aimual  repntt  of  tlie  Volunteer  Life  Briuade 
of  tbe  boTOORh  of  T.vueiuuntli,  will  enable  any  ofHter  to  Tcalixe  tbe  kind  of  difficulties 
likely  to  ocenr  in  tlie  actual  coiine  of  work : 

"Ah  wM  noticed  iu  laiit  Huuual  rcgiort,  but  few  snnth  west  xalraof  any  leugtli  of  con- 
tinuance OT  severity  have  oeeurred  itince  thu  year  l!^,  when  the  BteamshiiJ  8tauley 
waa  wr*cked ;  hiit,  as  migbt  lie  expeeted  on  tlie  occurrence  of  severe  gales  from  tbat 
quarter,  dnriuE  the  past  winter,  several  wrecks  took  place  at  the  north  side  of  tbe 
uiouth  of  tbe  Tyne,  aud  it  was  duriua  one  of  these  gales  that  the  brigade  bad  tbe 
fcreat  aatii^action  and  privilege  of  landing  the  crews  of  two  vesseta,  witli  the  excep- 
tion of  one  niau  who  was  washed  ovcrlioard  with  oue  of  the  masts  which  was  carried 
swav  hy  the  force  of  the  waves.  In  the  case  of  the  Siisauiiah,  which  was  stranded 
alKiiit  four  o'clock  in  tbe  uioniing  of  the  Bth  Feliniar>-,  1^0,  it  seemed  at  times  as 
though  there  was  little  hope  of  saving  the  crew.  Sbe  was  so  much  ilisabled  lu  her 
niosts  oiiil  riggiuK  before  drifting  axbore.  aud  had  so  much  wreckage  hanging  about 
lier.  that  rocket  after  rocket  won  flred  (live  in  all)  before  auy  practical  commuuicatioa 
I'onid  l>e  pfl'ecteil  with  the  ship,  and  the  rocket  Unes  becoming  so  entangled  iu  the  rig- 

Eiiig  tbat  the  meu  ou  board  could  not  clear  them,  finally,  however,  alter  two  and  a 
iilf  hours  working  and  waiting,  the  iieraisteut  eti'orte  of  the  coast  guard  aud  thebrig- 
a<li-  wen-  crowned  with  snccess.  It  won  during  the  coutiniiance  of  this  storm,  about 
3.3I>  iu  tlie  atteruoon  of  tbe  Name  day,  that  the  bark  Helena,  of  Scarl>oronEh,  with  a 
crew  of  17  hands  and  tbe  pilot,  came  ashore  in  a  violent  snow-squall,  on  the  edge  of 
tlie  Spar  Hawk;  she  was  at  a  conH<lerable tUiitaure  from  the  nearest  itoint  where 
till'  apparatus  could  be  set  u]),  aud  there  seemed  wme  doubt  about  reaching  her  with 
a  n«ket.  The  fiwt  sliot  fell  far  short,  hut  the  second  rocket  went  right  between  her 
niiiHts.  aud  was  secured  by  one  of  the  men ;  the  Ufe-lioat.  however,  coniiug  alongside 
wHUi  after,  the  trew  very  wisely  took  to  her  rather  than  mu  the  risk  of  beiugdragged 
tbroiigh  tbe  surf  and  over  tbo  nieks  aiuiilst  the  ragioK  sea,  which  must  of  npcessity 
Iiave  beenavery  bazantonso^ieTation.  Wliilst  this  was  ou  tbe  way.  the  cry  waaraised 
that  another  vVsnel  was  goug  liehind  the  North  Mei',  a  most  ilongerous  positiou; 
tiie  chief  officer  of  the  coast  guard,  Mr.  Quick,  immediately  told  otf  wmie  of  the  vol- 
unteeis,  with  <me  or  two  of  the  coast  guard,  to  go  to  her  ossistsuee.  In  a  short  apace 
of  time  tlwy  bad  the  Hatisfnction  of  binding  the  whole  of  the  crew,  though  not  a  mo- 
ment too  soon,  as  alHiut  eight  iiiintiteH  after  they  were  ashore  the  schoouer  was  broken 
up  by  the  fury  of  the  storm,  not  a  piece  of  her  1)eiiig  left  ou  which  they  could  have 
kivh'I  themwlvvs.     She  provetl  to  !«■  the  whoouer  Light  of  the  Harem,  of  Lowestoft. 

In  tbe  case  of  the  Burton,  of  \Vivenh<ie,  wrecked  on  the  19th  of  March,  IC<f;5,  a 
rricket  line  whh  thrown  over  her  in  two  minutes  from  the  time  she  touched  the  rubble 
of  the  North  Pier,  but  in  seven  uilliutes  she  went  entirely  to  pieces,  tbe  i>oor  fellow 
who  t'liiulied  the  riggiug  t»  lay  hold  uf  the  rocket  line  not  having  time  even  to  reach  it. 
Only  ""*  '"""  ""*  *'^''"'  ""'  "^  *^  '■"'^  "^  fl'"'"  '•  li"  *■"  picked  up  by  tbe  life-boat. 

Again,  ou  the  evening  of  the  Iltb  Octolier.  Ii?ti5.  about  7  p.  ni.,  the  schooner  King- 
wooil,  of  Yarmouth,  with  a  civw  of  live  liauils,  when  endeavoring  toeuler  the  harbor, 
ill  a  stiff  HOUthensI  gale,  ciiiue  ashore  on  the  Block  Mi<ldeiiH.  The  rocket  Hue  was 
spee<iily  over  ber  anil  the  whip  attached  hut  was  not  hauled  alwanl.  It  was  soon 
found  tbat  the  men,  who  were  used  to  tbe  Yaruionth  lieuch,  had  lett  the  vewel  iu  their 
boat,  which  nnfortuuately  caiwizetl,  and  two  of  them  were  drowned;  had  they  re- 
uiuined  on  Imatil  and  usetl  tbe  apparatus,  there  is  little  doubt  they  would  all  have'beeu 
H.tvnl.  Onthethinloccasion,  tbe U^h December,  l-^liS,  three  Tcsselscanieashoreuuder 
the  battery ;  rockets  were  llr«lo%~er  two  of  them,  but  tbe  meu  did  not  seem  to  understand 
the  use  ofthe  apparatUH.  and  ijMtmif  of  hauling  Ihf  Unr  abmird.  I'aili-iietl  a  Karp  to  it,  and 
commtMoid  paifiMS-out  taicard  the  akorr,  lu  tlie  mean  time  the  life-lHxit  came  alongside 
and  saved  tbe  whole  of  the  crews," 
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The  followiiip:  is  a  return  of  the  number  of  rockets  fired  at  e 
of  the  Boroujrh  of  T\iieniouth  Life  Brigiwie,  from  1st  July,  1866, 
with  the  rauge  in  yunls  as  near  a»  eouhl  be  a.soertaine(l ;  the  c 
ri^lit  or  left  uf  The  rot-ket  of  the  objec-t  aime<l  at ;  the  time,  in 
and  seoond».  between  firing  the  first  rocket  and  landing  the  t 
and  the  number  of  men  present  on  each  ocva»ion ;  eomiiiled  for  1 
of  tra<le  returns  Iiy  John  F.  Sjienee,  honorary  secretary.  Pn 
18(H)  no  reeowl  of  these  partienlars  was  kept. 
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YII.  The  keepiso  qualities  of  eockets. 

The  keeping  qualities  of  rockets  are  iiot  satisfactorj'.  They  should  be 
stored  iii  aa  dry  a  place  as  iH>ssibie. 

Mr.  Abel,  chemist,  W.  D.,  gives  Ms  opinion  as  follows: 

The  corTOsion  of  the  metal  at  the  aeam  of  the  case  has  not  been  wt  cm  foot  in  the 
first  iiiBtaDC«  by  the  borax  employeil  iu  brazing,  as  no  trace  of  tlie  oxiatence  of  borax 
enn  be  det«ctnl  npou  the  metal  at  the  joint.  Tlie  saline  nintter  scraped  from  the 
exterior  of  the  case  contoiued  carbonate  of  liotasli.  The  ile]ii|iteHceut  and  alkaline 
nature  of  this  salt  acconuts  for  the  collection  of  moisture  on  the  coiMt  aud  for  the 
destruction  of  the  paiiit  costing. 

This  i;arbonat«  ol  potash  is  a  prnduct  of  thedt>coDipo«itionof  the  saltpeter  from  the 
rocket  mmpoaition,  aud  it  is  owiiis  to  some  imperfection  in  the  hraziug  that  small 
qiinutities  of  saltpeter  have  been  admitted  in  tlie  operations  of  pressing  that  a  corro- 
sive action  has  b^n  established  which  Iibm  been  promoted  by  gjradual  access  of  air  and 
moistnre  to  those  points,  and  by  the  coexistence  of  brasa  and  iron  in  contact  with  the 

The  action  of  the  saltpeter  npon  the  metal  appears  to  have  spread  in  the  interior  of 
the  case  mnnd  that  part  where  the  brazinx  extends  to  a  very  slight  decree,  bnt  snffi- 
cient  to  effect  a  aeparotiou  between  the  composition  and  the  case,  which  are  Ibuud  to 
be  very  firnil;  attaclied  to  each  other  at  all  other  parte  of  the  case. 

The  Hlijcht  symptnniH  of  corrosion  round  the  rivets  at  the  head  of  the  rocket  are  evi- 
dently due  to  the  {leuetration  of  minute  qnantities  of  saltpeter  (forced  in  by  pressure) 
applied  in  mannfacture  to  the  exterior  between  the  rivets  and  the  holes;  the  non-exist- 
etire  of  brazing  at  these  i>oiuts  renders  the  action  very  trilling. 

The  employment  of  brazing  iu  the  closing  of  the  rocket  cases  is  evidently  a  cause  of 
deterioration  ;  the  existence  of  minnte  imperfections  in  the  joint  made  by  braziuf;  is 
probably  unavoidable,  and  as  the  saltpeter  must  penetrate  on  prewnre,  the  cstablish- 
iiieul  of  corrosion  is  unavoidable. 

VIII.  COMTENTS  OP  CAET. 

1.  Two  or  three  rocket  Hms  laid  up  loose ;  one  end  of  the  rocket  line  is 
to  be  atta(^he<l  to  and  launched  with  the  rocket. 

2.  Boxes  fitted  with  faking-pins,  in  which  to  stow  the  rocket  hues. 

3.  A  haimer  of  3-inch  Mauilla  right-handed  rope,  £rom  40  to  120  fiith- 
onis,  according  to  the  steepness  or  datuess  of  the  shore. 

4.  A  "whip"  of  Manilla  line,  not  exceeding  IJ  inches,  rove  through  a 
single  tail  block.  The  "whip"  to  be  made  of  left-handed  rope,  the  re- 
vernie  of  the  hawser,  and  the  tail  of  the  block  to  be  at  least  two  fathoms 
in  length,  and  the  sheave  to  be  brass-bushed.  The  ends  of  the  "whip" 
to  be  spliced  together,  so  as  to  convert  it  iuto  au  eiidless  rope. 

5.  A  iling  life  buoy,  with  petticoat  breeches,  in  which  to  place  the 
person  to  be  rescueil,  and  haid  him  ashore. 

6.  A  traveler,  or  inverted  block,  witli  a  brass  sheave,  to  be  attached 
to  the  "sling"  andcarrj'  it  along  tlie  "hawser." 

7.  A  "double  block  tackle  purchase,"  for  setting  taut  the  "hawser," 
one  of  the  blocks  being  fitted  with  two  tails  to  bend  on  to  the  hawser,  or 
with  lufi-tackles  fitted  to  put  on  to  the  hawser  witli  strop  and  toggle 
(like  a  topgallant  or  royal  purchase).    The  blocks  to  be  brass-bushed. 

8.  Three  small  spars  to  form  a  triangle,  over  which  the  hawser  may 
l>e  passed  and  thereby  raised  higher  above  the  water.  This  will  be 
found  conreident  on  parts  of  the  coast  where  the  shore  is  flat.  The  tri- 
angle should  be  fitted  with  a  swivel  snatch-block,  brasa-bushetl,  insteml 
ot  standing  hooks;  the  strapping  of  the  block  to  be  of  good  iron. 

9.  Au  anehor  with  one  fiuke  to  be  buried  in  the  earth,  sand,  or  shingle, 
to  which  to  set  up  the  hawser  by  means  of  the  tackle-purchase.  Or,  in 
some  places  where  the  shore  is  composed  of  soft  shingle  or  sand,  and 
where  an  anchor  will  not  hold,  a  stout  plank,  5  or  6  feet  long,  with  a 
fathom  of  chain  of  sufficient  strength  fastened  around  it  amidships,  may 
be  anbstitnted  for  the  anchor.    This  plank  being  buried  3  or  4  feet  be- 
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neatb  the  ground,  and  the  end  of  the  chain,  with  a  ring  attt 
to  the  siirfaw,  the  hawser  may  \^v  set  up  to  it  by  the  tackle-pi 
the  same  manner  as  to  an  anchor. 

10.  A  red  jfiag,  2  feet  by  3  feet,  fixed  at  the  end  of  a  staff  5  feet 
a  htiitem  with  a  red  lens  fixed  in  it,  to  be  nse<l  as  signals  in  tl 
directed  below. 

11.  Twoorthree  jgwuJesor^Aore/jt,  and  a  }yie]Mre,to  be  of  goo 
and  suitable  for  the  work ;  a  mlmgee  ntrop,  a  few  pieces  of  arfi 
be  tised  as  occasion  may  i-ecjuii-e. 

12.  A  light  ]Mittd-bnrrow,  when  thought  uecessar>-,  for  can 
tious  of  the  apparatus  fW)ni  the  cart  to  the  place  where  it  is  t 

Vi.  Three  sets  of  tally-boards,  each  set  consisting  of  two 
hard  woo<l  about  9  Inches  long  by  5  inches  wide  and  3  inch  thit 
boards  to  have  the  follomng  words  painte<I  on  them  in  white 
a  black  ground,  English  oii  one  8i<le  and  French  on  the  other, 

"So.  1  tally-lward  to  be  attachnl  to  the  whip. 

English :  Make  the  tail  of  the  block  fast  to  the  lower  mas) 
If  the  masts  are  gone,  then  to  the  Iwst  jilace  you  can  find, 
rocket  line ;  see  that  the  i-ojw  in  the  block  mns  tree,  and  show 
the  shore, 

Freneli  i  Fouettez  la  jxudie  le  jdiis  hant  i>oa.sible  siir  Ic  hji» 
I'eudroit  le  plus  favorable  si  lea  bas-niats  sont  i»enlus.  D 
ligne,  voyez  que  la  corde  coiu«  facilement  dans  la  poulie,  et 
nal  au  rivage. 

No.  2  taliy-boanl  to  be  attache<l  to  the  hawser. 

English :  Make  this  hawser  fast  alwut  2  feet  above  the  tail-li 
all  clear,  and  that  the  rope  in  the  block  runs  free,  and  show 
the  shore. 

French :  Amarrez  cett«  aussi^re  ii  deux  pieds  enATr<m  au  tie 
poulie.  Voyei  que  rien  n'eugage  et  que  la  corde  coure  facilei 
la  poulie,  puis  faites  signal  uu  rivage. 

14.  Long  light. — One  box  of  Colonel  Boxer's,  to  be  used  a 
may  require. 

15.  fiiffnai  rockets. — Eighteen,  throwhig  white  and  re«l  stars 

16.  TiPo  heaving  sticks  and  lines,  to  be  need  aa  occasion  mH,\ 

17.  A  water  barrico,  with  a  large  square  hinge-bung,  large 
admit  a  man's  hand,  will  be  supplied  if  specially  demanded. 

18.  A  hawser-evmr,  tor  the  puri>o8e  of  severing  a  hawser  frm 
10.  A  tarpaulin,  to  cover  over  the  apparatus  and  stores  ii 

when  the  apparatus  is  not  in  use,  and  iitte<l  with  beckets  and 
to  secure  it  on  the  beach  or  shore  for  coiling  the  whip  on  wher 
ratus  la  in  use. 

20.  Life-belts. — Two  of  Cajitain  Ward's,  and  two  life-lines. 

N.  B. — The  whole  of  the  gear,  and  a  sufficient  supply  of  ro 
are  to  be  kept  in  the  rocket-api>aratus  cart,  in  good  order,  dry, 
for  immediate  use. 

IX.  Rocket  apparatuh  drilx.* 

1.  AlKai/8  Iteep  tke  gear  drg  ai\d  tcell  aired, 

2.  UptHi  the  approach  of  a  storm  or  thick  dangerous  weatl 
coast,  muster  the  gear  and  small  stores,  examine  Uie  cart,  espi 
asletrees,  trim  the  lamps,  and  prepare  for  service 

3.  Ctei  a  wreck  oceurriiig,  t^  watchman  will  call  the  ofieet 
and  send  for  the  horses. 

•I«ne<l  bf  tlie  Board  of  Trade  [Eughiih]  June,  1H7S. 
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4.  Great  cuxe  aliotiltl  be  taken  iu  arranging  tlie  apparatus  uitli  pre- 
<-i»ioii  l'(>r  liriug,  a»  after  llie  liiieu  become  n-et  or  dirty  there  is  leos  chaiic« 
(if  effei'ting  a  eomnimiioatiuii. 

5.  The  rocket-line  shonld  be  fa«tene«l  to  tlio  rocket-stick  aa  showii  in 
one  of  tlie  engravings.  The  line  Hhintld  hare  about  three  fathoms  wetted 
Itefora  being  rore,  and  sltonld  also  hare  a  tlgnre  of  8  knot  made  near 
tlie  hole  at  the  end  of  the  stick,  so  that  if  the  line  is  burnt  neai-  the 
roc^ket  the  knot  will  prevent  it  getting  fi-ee. 

(i.  The  first  nx'ket  shonhl  always  be  fire<l  with  the  line  in  the  box,  and 
the  box  should  be  slightly  tilteil  towards  the  wi-eek. 

7.  In  hauling  off  the  hawser  </o  not  nt«p  tke  end  up  icitk  a  rope-yarn.,  bat 
letite  tAree /atkomg  hoHging  loone. 

S.  "Wlien  workhig  the  whip  keep  the  veering  part  well  separated 
from  the  hauling  part,  the  parties  at  eaeU  standing  as  for  apart  as  pos- 
sible, tJie  hawser  l>euig  between  the  two.  Lift  tlie  whip  well  ui  order 
to  keep  clear  of  snrf  or  »earwee<1. 

ii.  When  the  service  or  exercise  is  over,  the  stores  are  to  lie  returned 
to  the  cart  and  the  party  to  fall  into  the  "onler  of  march,"  and  return 
tti  the  station. 

10.  Great  mre  nbonld  alteaga  be  taken  that  the  irkole  of  the  gear  w 
thoroHfjhly  dried  before  being  put  airai/.  AIJ  iiiikit  aad  turna  sAouIrf'  be 
ciirefHUj/  taken,  oat  of  tke  Utten  and  whip. 

DHIIX. 

Words  of  eommand. 

1.  Rocket  i>arty  fall  in. 

li.  Form  the  order  of  march  (or  double). 

3.  Halt. 

4.  Action. 
->.  Beady. 
C.  Fire. 

7.  Haul  out. 

8.  Hani  ashore. 

1,  Koclet party  fall  in, 

2,  4,  6,  8, 10, 12, 14,  rear  rank. 
1,  3,  5,  7,  9, 11, 13, 15,  front  rank. 
Itocket  Sos.,  1,  2,  3,  4,  5,  6. 
Auxiliaries,  7,  8,  9, 10, 11, 12, 13, 14, 15. 

2.  F^rm  the  order  of  taurck. 


Duties  at  the  order  ^'Halt^  "Action." 

"So.  1  places  rocket-frame;  pins  rocket  to  staff;  inserts  fttse;  places 
rocket  in  frame ;  reeves  line  through  staff;  makes  a  figure  of  8  knot  near 
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the  lieel  of  staff;  puts  oil  two  India-rubber  ami  one  metal  wa 
tbeu  makea  another  fi^ire  of  8  knot  in  the  end  of  the  line-iM>ii)t« 
(making  due  allowance  lor  foree  and  direction  of  wind) :  a])pli 
to  time-fiifle,  and  then  steps  clear  and  removes  frame  when  cc 
tion  is  efl'eeted. 

No.  2  assists  Xo.  3  to  place  box  with  line  6  yanU  to  tli 
irame;  tilts  box  clear  of  pins;  fakes  the  stray  ixicket'Iine  to  i 
frame;  bends  rocket -line  to  whip,  and  then  takes  charge  of  rij 
whip. 

No.  3,  assisted  by  No.  2,  places  box  with  line  6  yards  to  i 
frame;  lifts  box  clear  of  pins  and  cants  it  in  the  direction  of  I 
and  at  right  angles  to  the  line  of  hre;  takes  out  water  barricc 
al>out  3  fathoms  of  end  of  line;  then  hands  it  to  No.  1,  assist 
reeve  it,  and  takes  charge  of  the  left  side  of  whip. 

No.  4,  assisted  by  even  nnml)ers  of  auxiliaries,  carries  tl 
yards  to  the  rear  of  frame,  sees  it  clear  for  running,  and  tht 
on  to  hawser*  aboHt  2  fathoms  from  the  end. 

No.  5,  assistetl  by  odd  numbers  of  auxiliaries,  take.t  end 
and  tally  to  i,  and  clears  it  away  for  hanlinj;  off  to  the  wre 
hitches  whip  to  traveler;  Iwnds  on  breeches  buoy;  raises  tri 
snatches  hawser. 

No.  6,  assisted  by  even  numbers  of  auxiliaries,  buries  a 
backer,  books  on  luff  to  anchor,  and  secures  it  to  hawser. 

No.  7  attends  signals  under  direction  of  ofUcer. 

Note. — If  there  is  no  7,  officer  attends  signals. 

No.  8  takes  charge  of  life-belts,  and  attends  to  stninded 
landed. 

Odd  numbers  assist  No.  5  to  clear  away  hawser,  keepiii 
strain  on  it  while  being  haiileil  off  to  wreck ;  even  ntnnlters  a 
to  buiy  anchor  and  backer,  &c.,  and  then  man  the  fiiU  of  the 
purchase,  and  veer  and  haid  as  necessarj'. 

Even  numbers  assist  No.  4  in  working  the  whi|>.  hauling  « 
&c. 

Note. — In  working  the  apparatus  with  only  six  men 
assist  No.  6  to  raise  triangle  and  attend  hawser;  1,  2,  ami  4  : 
work  tlie  whip. 

Auxiliariea. — All  auxiliaries  are  to  assist  in  carrying  store; 
to  ]ioint  of  action. 

Even  numbers  haul  out  hawser  and  breeches  buoy. 

Odd  numbers  haul  ashore. 

All  numbers  above  15  should  be  told  off  to  gimnl  the  grou 

'  Tallies  ate  always  to  be  kept  bent  uu  both  hawser  Aiid  nbip,  s'>  na  to 
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APPENDIX  P  1. 

REPORT  OF  C.  B.  RICHARDS,  ENGINEER  OK  COLTS  PATENT  FIRE-ARM3 
COMPANY,  I'PON  TESTS  OF  THE  BEHAVIOR  VrNDER  TENSILE  STRESS  OF 
SPECIMENS  OF  BRONZE  RECEIVED  FROM  LIEUT.  D.  A.  LYLE,  ORDNANCE 
DEPARTMENT,  FNITED  STATES  ARMY,  WITH  A  DESCRIPTION  OF  THE 
TESTING-MACHINE  USED. 

(Platea  XLII-XL\'.) 

The  statement  of  the  results  of  tlie  tests  is  prefaced  b.v  descriptions  of 
the  test  ill  g-»iachiiie  and  apiiai'atns  iised  and  the  uietho«ls  employe«L  iu 
the  expemneiit«. 

The  testmg- machine  is  one  ^'hich  has  been  in  use  in  the  armoiy  of 
this  comx>any  since  1871.  The  basis  of  the  machine  is  a  platform -scale, 
by  which  the  forces  applied  to  the  siieciniens  are  weighed  with  the  same 
avciiracj'  that  any  load  may  be  weighed  by  similar  scales. 

Figures  1  to  4  iu  the  accompanjing  drawings  show  different  views  of 
the  machine :  figure  1  l>eing  a  rear  elevation  and  figure  2  an  end  eleva- 
tiiiii  of  the  entire  machine ;  figure  3,  a  front  elevation  of  the  weigh-beam 
a] )| iitr.it us,  and  figure  4  an  elevation,  i)artly  in  section,  of  certain  jutrts 
of  the  strain-indicating  apparatus,  drawn  on  a  larger  scale  than  the 
other  elcMttions. 

A  is  the  platform  of  a  50-ton  scale,  of  which  B  is  the  weigh)>eam,  with 
its  sliding  weight,  C.  Upon  the  platform  a  cast-iron  frame,  D^  is  placed, 
to  sustain  the  nut  of  a  screw,  E,  to  whose  lower  end  are  apphed  the  fix- 
tures for  holding  the  upper  end  of  a  8]>ecimen  intended  to  receive  a  ten- 
sile strain.  The  platform  is  5  feet  long  by  3  feet  wide,  and  has  au  obloug 
o|ie»iuK  in  its  center,  through  which  two  long  screws  rise  about  2  feet 
alw^-e  Uie  platform.  Tlie  screws  carry  a  strong  cross-hea^l,  F,  which  can 
I>e  raised  or  lowered  by  two  nuts,  G.  The  screws  and  cross-head  are  not 
connected  with  the  platform  until  the  specimen  makes  the  connection. 
The  crosshead  receives  the  fixtures  for  applying  strains  of  all  kinds  to 
s)>ecinien8  of  every  shai>e.  For  tensile  strains  the  holders  which  gi-asp 
the  lower  end  of  the  ai)ecimen  are  attached  to  the  top  of  the  cross-head. 
The  lower  ends  of  the  screws  G  are  attachetl  to  the  short  arms  of  a 
massive  f«rke«l  lever,  H,  which  is  beneath  the  floor,  and  has  its  fiilcia 
supi>orted  by  the  bed-j»late  which  forms  the  foundation  of  the  scale. 
The  long  arm  of  this  lever  is  coupled  to  the  fiilcmm  «  of  a  short  lever, 
I,  which  is  so  susi>endeil  (torn  a  longer  lever,  J,  that  the  two  levers 
form  a  differential  system,  the  fulcra  j  and  i  of  the  two  levers  not 
being  in  the  same  vertical  plane.  Tlie  fnlcmm  j  of  lever  J  is  raised 
or  lowered  by  a  screw,  K,  whose  juit  is  supportefl  by  a  cast-iron  ft-ante, 
L,  erecte<l  uiKtu  the  scale-fouiulatiou.  Tliis  nut  is  worked  by  the  hand- 
wheel  M  tlirough  a  system  of  toothed  wheels,  or,  when  the  back  gear- 
iuft  (shoAvn  at  N,  Fig.  2)  is  tlirown  bito  engagement  by  turning  the 
lever  N',  the  nut  may  be  worked  through  the  jjulley  O  by  jiower 
obtaine<i  from  the  factory  shafting.  Tlie  connections  between  the  lever 
J  and  the  screws  G,  which  carry  the  cross-head,  are  so  arranged  that,  by 
depressing  the  longer  tree  arm  of  J  the  cross-head  is  pulled  downward, 
and  by  raising  the  fulcrum  of  J  the  same  residt  is  produced.  A  rod,  P, 
is  suHi>ended  from  the  end  of  the  longer  arm  of  the  lever  J,  to  which 
plates  and  pans  are  attached  to  receive  weights  of  ^Tirious  values,  and 
counter-weights  Q  may  be  apxilied  to  the  shorter  arm  of  the  lever  to 
iHiIance  wholly  or  partly  the  preponderance  of  the  longer  arm.  The 
lower  end  of  the  rod  P  is  provided  with  a  piston,  which  moves  in  a  large 
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cylindrical  resxel  coiitDiiiiiig  oil  and  tter\'iiig  to  preveiit  a  too  rH))ii)  I 
of  the  loaded  ciid  of  tlielevpr.  If  the  foi-egoiiig  description  is  uiidcrsto 
it  is  CAideiit  that  if  one  end  of  a  speciuien,  a  rod  of  iron,  for  instaiR-e, 
attaflie<l  to  the  frame  D  ahove  tlie  civsM-hend  F  and  the  otlier  eiiil 
attached  to  the  cross-heail,  the  si>eciinen  may  be  stretched  by  hear 
down  the  end  of  the  stFaiiiing-lever  J,  for  the  cross-Iicad  will  tliereliy 
pidletl  downwaitl.  The  amis  of  the  levera  are  «o  i)n)iK)rtioned  that  i 
pound  applied  at  P  vill  exert  a  strain  of  1211  iMiunds  on  the  speciiiieu; 
a  strain  of  Ul(l,00(l  iKtunds  will  !«■  exerte4l  by  the  application  of  '■ 
pounds  at  P.  Tlie  st)ecinien  ciin  alw)  be  ^trained  by  weif;litin|r  the  nx 
so  Iiea\'ily  that  it  will  lie  lield  down,  and  then  by  workin(i  tlie  nut  of 
screw  K,  either  by  liaml  or  iHiwer,  tlie  fnlcniin  j  will  Iw  i-aised,  anil 
cross-head  pulle<l  downwanl  witli  a  fon-e  increasing  as  jfradually  an  u 
be  desired.  As  tlie  sjiecimen  is  suspended  ftoni  the  frame  on  the  pi 
form  of  the  scale,  any  stress  with  which  it  is  pnlleil  will  lie  iuflicateii 
the  weipht-lieaiH  B  and  can  thus  l>e  accurately  weiRhHl.  The  stm 
indicatint!  ajiparatns  is  shown  in  Figs,  .'t  and  4.  B  is  the  weigli-be 
of  the  scale  witli  its  slidinp:- weights  C.  Tlie  beam  is  gra<hiated  to  th 
sflml-poiiiHl  inter\'iils,  and  the  sniall  weight  will  sliow  20-jionnd  im 
ments.  A  long  straight  n>d,  ff,  hangs  at  the  end  of  the  weigh-lieam  s 
dips  into  a  cylindrical  vessel,  b,  which  is  movable  np  and  down  am 
flllwl  with  men'urj-,  Tlie  weiglit  of  the  roil  n  is  so  aiyuste^l  that  wl 
the  nH\  hangs  wholly  in  air  it  will  exactly  balance  10,000  jiounds  on  1 
]>latforni  of  the  scale,  but  when  inimenuHl  to  a  t^'rtain  jwiiit  in  meii-i 
it  floats  and  ceases  to  a<'t  as  a  weight ;  between  tliese  two  iwints 
value  as  a  weight  depends  on  the  extent  of  its  immersion  in  the  mercn 
which  is  regulated  by  the  height  at  which  the  vessel  b  stands.  1 
merciirj-  vessel  may  be  niise<l  by  turning  a  pinion  which  works  in  a  ra 
f»stene<l  along  the  side  of  the  vessel  and  tlie  vessel  may  l>e  held  ui) 
a  pawl,  c,  which  tends  to  engage  with  the  teeth  of  a  ratchet-wheel, 
fastened  to  the  pinion-shaft,  "When  the  pawl  is  disengaged  and 
from  the  wheel,  the  vessel  descends  by  its  own  weight,  but  its  spceil 
tilling  is  controlled  by  a  piston  sliding  in  a  cylinder,  e,  tilled  with  ( 
the  top  of  the  piston-ixnl  /  being  conneete<i  with  the  vessel  bj'  a  chi 
passing  over  sheaves  g.  A  pii>e,  k,  connects  the  upper  part  of  the  ( 
cylinder  with  the  lower  part,  and  a  screw-valve,  k,  in  tlie  pipe  regulm 
the  flow  of  oil  which  is  i)ro<liice<l  by  the  piston  rising  through  the  c 
inder.  Tlie  variation  which  ojieniiig  or  closing  the  screw-valve  A- on 
sions  in  the  resistance  to  the  flow  of  oil  tlirough  tlie  "pii»e  affords  t 
means  of  regulating  the  rapiditj-  of  descent  of  the  vessel  b.  A  vahe 
the  piston  permits  the  mercmy  vessel  to  be  raised  quickly,  even  wh 
the  screw- valve  ft  is  closed.  A  scale,  I,  on  the  side  of  the  mercury  ve* 
indicates  tlie  extent  to  which  the  rod  « is  immersed  in  the  mercury,  a 
the  scale  is  so  markeil  that  the  valve  of  the  rod  in  balancing  a  load 
the  platform  may  be  read  for  any  positiim  of  the  vessel  to  within 
pounds,  which  is  as  small  dil¥ereiice  as  the  tesdng-mschine  is  inteii<i 
to  indicate.  The  range  of  the  scale  is  10,000  jionnds.  The  valnes  of  I 
scale  readings  can  be  checked  at  any  time  by  the  weights  C  on  the  I)«i 
and  have  been  fonnd  to  be  invariably  correct.  When  greater  loails  ti) 
10,000  pounds  are  to  be  observed  the  sur]>!na  is  balaiureil  at  the  \*ff 
bj  the  weights  C.  When  used  to  weigh  gradually-increasing  Btniii 
the  operatiiMi  of  this  apparatus  is  made  antomatic  in  the  foUo'vi 
manner : 

On  the  end  of  the  weigh-beam  B  is  fastened  a  rnnall  cup,  m,  coiita; 
ing  mercury,  into  which  platinum  wire, «,  constantly  dips.  The  point 
a  second  platinum  wire,  p,  stands  a  little  above  the  suiface  of  uie  m' 
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cnry  when  the  beam  B  is  dowii,  but  when  the  beam  rises  this  Avire  also 
dips  into  the  mercury.  The  ]»Iatinum  wires  form  the  terminals  of  two 
insolated  wires  leading  firom  the  two  polee  of  a  galvanic  battery  whose 
circtut  is  closed  when  the  rising  of  the  beamimmerBes  the  two  platinnm 
points  in  the  mercnry,  bnt  is  oi»en  when  the  beam  is  down.  An  electro- 
magnet, r,  is  Inserted  in  the  (■ourse  of  one  of  the  wires  and  the  armature 
of  this  magnet  is  so  connected  with  the  pawl  which  sustains  the  mer- 
cnry vessel  that  when  the  batterj'  circuit  is  closed  and  the  magnet  is 
thus  vitalizetl,  the  pawl  c  is  drawn  away  from  th6  wheel  ^,  bnt  when  the 
circuit  is  broken  the  pawl  falls  back  again  and  locks  the  wheel. 

When  sufficient  stress  to  overcome  the  weight  C  is  applied  to  a  speci- 
men the  weigh-beam  rises  and  closes  the  electric  circiut  by  which  the 
pawl  is  ma<le  to  unlock  the  wheel  <l ;  the  mercury  vessel  then  de- 
scends nntil  enough  of  the  rod  a  is  nnco^'ered  by  the  mercury  to  enable 
the  rod  to  balance  the  stress  and  draw  the  beam  downward.  The  elec- 
tric circuit  is  thns  broken,  and  the  pawl  locks  the  wheel,  preventing  a  fiir- 
ther  descent  of  the  mercury  vessel  and  leaving  the  beam  poised  until  it 
is  raised  by  a  further  increase  of  stress. 

This  antomatic  action  may  be  continued  until  the  si>ecimen  breaks, 
when  the  beam  of  course  droiw  and  the  merciirj'  vessel  b  is  locked  in 
place  by  the  pawl.  The  snm  of  the  readings  of  the  weight  C  on  the 
beam,  and  the  scale  }  on  the  merciu^-  vessel,  gives  the  maximum  stress 
on  The  specimen. 

Figures  5,  6,  and  7  show  one  of  the  pair  of  clasps  for  ^stening  the 
specimens  in  the  machine.  Figure  13  represents  the  finished  specimen, 
and  flgnre  13  shows  the  specimen  with  nnts  screwed  on  its  ends  to  form 
hea<lR  by  which  the  specimen  may  be  grasyved  by  the  clasp.  Tlie  clasp 
is  made  in  halves  hinged  together,  an(f  is  shown  open  in  figures  5  and  C 
and  closed  in  flgnres  7  and  8.  One  clasp  embraces  the  upper  head  of 
the  specimen  and  the  lower  end  of  the  screw  E  of  the  testing-machine, 
thus  Attaching  the  specimen  to  the  screw.  The  other  clasp  embraces 
the  lower  head  of  the  specimen  and  the  npper  end  of  a  bolt  fastened  in 
the  top  of  the  pulling  cross-head  F,  attaching  the  specimen  to  the  cross- 
head  and  thus  forming  the  connection  between  the  cross-bead  and  the 
platform.  The  halves  of  the  clasps,  when  they  are  put  in  place  in  the 
machine.arelockedtogetherbjpinspassinpthronghtheaxesofthchingeH, 
as  shown.  A  si)ecimen  is  represented  in  place  in  the  machine  at  s,  figure  2. 
Two  ditTerent  gauges  were  nswl  to  measure  the  extensi«ms  of  the  speci- 
mens; one  of  these,  shown  in  figures  11  and  12,  was  used  for  stresses 
within  the  elastic  limit,  and  the  other,  illustrateil  in  figiire  9,  was  applied 
after  the  elastic  limit  was  passed. 

The  first  (A)  consists  of  two  plates  of  glass  held  face  to  Ihce  in  sepa- 
rate steel  ^Frames,  which  are  locked  together  and  slide  freely  along  each 
other;  one  of  the  ttames  is  terminated  by  a  ball,  and  the  other  by  a  stem, 
at  the  end  of  which  is  a  similar  ball.  By  grasping  the  balls  and  pulling 
tbem  apart  the  glaxs  plates  slide  along  each  other.  On  the  longer  glass 
platea  scale  ismled  with  fine  lines,  linchbeiiigthere€li™iedintolOO parts. 
On  the  shorter  plate  a  space  yJij  of  an  inch  long  is  divided  into  ten  parts, 
the  lines  being  ^g  of  an  inch  apart.  The  ball-sbaited  ends  of  this  slid- 
ing gauge  are  cfamped  iu  the  jaws  of  two  holders,  shown  in  figiires  10 
and  12,  one  of  which  is  clamped  around  each  end  of  the  cylindrical  part 
of  the  specimen.  When  the  gauge  is  thus  fastened  in  place  and  the 
specimen  is  stretched,  the  scales  pass  over  each  other  length'^ise,  and 
by  observing  the  scales  through  a  powerful  microscope  the  extensions  may 
)>e  read  to  within  a  ten  thousandth  of  an  inch,  for  it  is  easy  to  sabdi^ide 
to  tenths  by  the  eye  the  spaces  between  the  lines  of  the  small  scale. 
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A  microscope,  uot  shown  in  the  drawings,  is  so  fiistened  ou  the  i 
chine  that  the  gauge-i-eadings  cau  easily  w  observed. 

The  gaage  B  Is  a  sliding  vernier  gauge,  reading  to  thousandths  of 
inch.  Its  two  ends  are  listened  to  the  two  specimen  clasps,  which 
they  become  separated  by  the  stretching  of  the  siiecimeu,  draw  the ' 
nier  of  the  gange  over  tlie  scale,  and  the  extensions  may  be  obtai 
from  the  changes  in  the  gange-i-eadmgs. 

Method  of  t ex  ting. 

Tlie  specimens  were  tested  in  lots  of  4  as  they  were  i-eceived.  E 
one  was  first  testetl  ui>  to  and  somewhat  beyond  tlie  elastic  limit, 
stress  being  applied  by  workijig  the  straining-screw  nut  by  hand.  ' 
gauge  A  was  applied  to  the  specimen,  and  the  extensions  correspond 
to  different  stresses  were  read  fh)m  this  by  using  the  microscope, 
reading  was  taken  at  1,000  i)ounds,  after  which  the  stress  was  increa 
to 2,000  pounds,  and  a  second  reaaing  recorded.  The  stress  wast 
reduced  to  1,000  pounds  and  the  con'esponding  reading  again  tal 
The  extension  at  3,000  poun«ls  was  then  observed,  and  afterward 
1,000  pounds,  and  so  on  with  increased  stresses  and  repeated  reducti 
of  the  stress  to  1,000  pounds  until  the  prol)able  elastic  limit  was 
proached,  when  the  increments  of  stress  between  the  observations 
extension  were  reduced  to  5(W  pounds.  As  soon  as  a  permanent 
occurred,  which  indicated  that  the  elastic  limit  had  been  exceeded,  1 
was  shown  by  a  difference  between  the  last  reading  at  1,000  poa 
stress  and  former  readings  for  that  stress.  The  greatest  stress  obser 
before  this  set  occurred  has  lieen  taken  for  the  elastic  limit  of  the  sp 
men.  After  the  elastic  limit  ha<l  been  exceeded  by  several  thonaa: 
of  iwunds  and  the  corresponding  extensions  observeii  for  all  the  sp 
mens,  the  first  specunen  was  again  placed  in  the  machine  and  the  gai 
applied  to  the  holders.  A  gradually  inci-easing  pull,  starting  from 
greatest  stress  before  obsen^etl,  was  then  produced  by  working  the  stn 
ing-screw  nut  at  a  uuifonn  speed  by  the  pulley  o,  driven  by  the  fact 
shafting,  while  the  i>rogrcs8  of  the  increasing  stress  waa  observed 
watching  the  descent  of  the  mercury'  vessel  b,  and  at  the  instant 
scale  on  the  vessel  Indicated  each  increase  of  1,000  ]>ound8  stress 
reading  of  the  gauge  which  indicated  the  corresi>onding  extension  \ 
taken  until  the  ftactnre  of  the  8i>ecimen  occurred.  The  extensioiu 
the  specimen  by  strain  corresfKinding  to  the  different  pulling  stres 
were  then  plotted  graiihically,  and  the  ciu^-es  thus  formed  are  sbowi 
figiures  li,  15  and,  10.  Figure  17  is  a  photograph  shon-ing  the  origi 
shape  and  surfiice  of  the  si>ecimen  comjiared  with  its  appeai-ance  nf 
having  been  broken.  The  broken  8i)ecimen  liere  i-epreseuted  is  >'o.ll 
market  H3,  tcom  gun  A. 

The  data  and  results  of  the  tests  are  given  in  the  accom]»anying  tjl 
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APPEXDIX  Q. 

RKPORT  OF  THB  OBDSAXCK  BOARD  OX  THE  EXPERIMENTAL  OI-XS  PRO- 
dKED  I^SDER  ACT  OK  .IIXY  B,  Ifli.  WITH  ESTIMATE  FOR  THEIR  EX- 
HAfSTnE  TRIAL,  AS  CONTEMPLATED   BY  LAW. 

Office  of  the  Ordsaxce  Board,  V.  S.  A., 

Xeir  York,  April  11, 1878. 

Sir  :  Ywiir  cniuniHiiio^ition  of  the  8th  instant,  WBariliiifr  the  experi- 
meutal  gnun  iion'ou  hand  at  Sandy  Hook  and  awaiting  trial,  lta»  re- 
wired tlie  attentive  vnnsidemtion  of  the  Iitmrd,  ami  in  coinplianco 
tliereto  it  has  to  snbniit  the  followiiiR  reiMirt : 

Under  the  act  of  Congress  approved  June  fi,  IS72,  appropriating!;  funds 
for  the  procurement  and  tests  of  experimental  riileil  onluunce  of  heavy 
caliljers  (to  be  selected  by  a  Iward  of  officers  of  the  United  States  Aimy, 
to  be  apiH>inted  by  the  honorable  Secretary  of  War),  the  dejiartmeiit,  un- 
der the  authority  of  law,  has  i)rocuretl,  among  others,  8e\eral  gHns 
which  are  now  on  band  at  the  pntring-ground  at  Sandy  Hook  awaiting 
trial.  These  guns  are  the  Woodbridge,  10-inch  ritle;  the  Tliompsim,  12- 
imh  breech -loa^ling  rifle ;  the  8utclit!e,  9-inch  breech-loading  rifle ;  the 
L^iKian,  multicliarge  gnn ;  and  the  Mann,  8-inch  brec4-h<loading  rifle. 

The  inclosed  statements  show  the  kind  of  guns,  the  number  of  rounds 
so  far  flred  from  each,  and  their  present  condition. 

It  will  be  seen  that  the  \Voo<lliridge  gun  has  been  Unnl  10  rounds;  the 
Thompson,  2  rounds;  the  Sutt;lifFe,  20  ix)unds;  the  Maun,  11  rounds; 
aiiii  the  Miiltieharge  gnn,  3  rounds. 

The  e.\tent  of  the  tests  so  far  made,  it  will  l>e  seen,  are  meager  in  the 
eitreuie,  and  no  evidence  of  any  sjieoial  Imimrtanceof  the  merits  of  any 
one  of  these  esi>erimental  gnus  has  consequently  Iteen  obtained.  They 
have  been  in  the  possession  of  the  department,  awaiting  trial,  for  two  or 
three  years,  but  want  of  fluids  to  undertake  what  may  be  reganled  as  a 
saitalile  proof  has  preventetl  the  pi-osecution  of  the  work.  They  were 
selected  by  a  board  of  officers,  after  careful  investigation  aa  to  their  pre- 
siirawi  merits  as  systems  of  constructitm  (Iwth  breech  and  muzzle  loiwlei-s), 
and  have  l)een  procure«l  at  considerable  exj)ense  to  the  government. 

In  view  of  the  facts  that  they  were  provided  for  experiments  and  tests, 
and  that  none  so  far  have  been  made  to  any  extent,  and  in  view  of  the 
developments  to  l>e  expected  reganling  the  numerous  questions  involve<l 
ill  gun  constriM-tions,  liotli  muz/le-loadiiig  and  bi-eech-loading ;  the  in- 
tert'sting  and  iniitoriant  de*elo]»iiients  to  be  made  in  fiullier.ince  of  the 
*ihitiou  of  the  ballistic  (|uestions,  now  oc('ui>yiiig  the  attention  of  the 
iivilize<i  world,  and  improvements  to  l>e  develojied  in  i>owders,  jirojectiles, 
mid  systems  of  rifling.  &c.,  f  lie  lioanl  is  of  the  opinion  that  .some  meas- 
urps  looking  to  the  trial  of  these  guns  and  as  <'ontemplatCfl  b,v  law  of 
■buie  «,  1H7-,  anil  to  fully  test  these  different  inventions  (recominendo<l 
l>y  the  l>oaMl  organized  under  the  act),  should  be  institiitwl  by  the  (le- 
I'iirtment  tVit  the  piwurement  of  a  sufHcient  appro])riation  fiimi  Con- 
gress for  the  carrying  on  of  the  tests  at  as  esirly  a  date  as  practicable. 

The  indoswl  esfinnites  in  each  case  aiv  therefon'  submitted  for  the  con- 
^illerati(nl  and  action  of  the  department.  These  estimates,  it  is  believed, 
are  sufficiently  in  detail  to  cover  the  grounds  as  to  what  is  contemplate*! 
til  l>e  done  in  each  case ;  also  sufHciently  itemized  to  show  what  mateiials 
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will  liavc  to  l>e  pro^idpil  ninl  what  cJtiiiiyos  &<.;,  \vill  have  to  be  inadf  in 
constructioiiB. 

S.  ClilSl'IN, 
Brt  Col.  U.  .S.  A .,  Linit  Vol.  of  OriL,  Pieniiifnt  of  the  ItoiirA. 
'     T.  J.  THEAD\VEL1>. 

^fHjor  of  OltlHOHtt. 

T.  G.  BAYLOk. 

Major  of  Ordnaitef. 
FRANK  H.  I'HIPI'S. 
Cnptain  of  Ortlnanee,  Reeofder  o/Jioiiid. 
Chief  of  Ordsakcf,.  U.  S.  A., 

Wmhington,  D.  C. 


Statetttent  of  the  condition,  and  egtlmate  of  amouulu  required  for  the  tvn- 
tmuance  of  the  triaU  of  the  folloiring  gHii»  hoic  tit  tiiindy  Hook,  X.J. 

TbompHon,  12"  breec'ti-loadiiif;  rifle. 
Woodbridge,  10"  roiizzle-ioadiiig  rifle. 
SntclifT,  y  breecb-loadiug  rifle. 
Maon,  8".4  breech-ioaUiiig  rifle. 
Lj-man  luulticharge,  0"  rifle. 

THOMPSON   12-i:<CH   BBEECH -LOADING  RIFLE. 

This  ffuii  is  now  at  Sandy  Hook,  and  in  the  same  condition  as  when 
returned  from  the  Centennial  Exhibition.  Its  chamber  has  a  capacity  foi' 
only  50  poimds  of  jxjwder,  and  it  is  rifled  with  seven  grooves. 

For  tranBportBtion  to  anil  fWim  Sontli  RiiHlon  foil  mien,',  rifliii)(  with  21  Eto"^'''"- ''"' 
largliig  cbiimber  fur  batlrriu);  oliuri;!-  of  I'iU  ihiiiiiiIn.  mill  iimviiliiig  j;niH.*li<H'k  uiiil 

lockinft  arraiigfnit'iit  tor  breecli-blotk jCi,  Wl*  f" 

For  preparation  uf  carriaice .t,("«t  W 

For  iilatfomi  ami  new  butt r>,iK")  iv 

For  labor,  matt'rinlH  &•:.,  in  ti'Mtiiij;  u"" a.K.'i  l«i 

For500rnimilH(iaOiK)uiiiU"f|i(nviK-i) H,i»'i  •"' 

For  250  iimjwtili'U Iti.iW'i  IK' 

Total 5U,(iWMi" 

WOODBRIDGE    lO-lXCII    Ml'ZZLE-LO.U)IXG   RIFLE. 

It  is  now  l.ving  ^lismoiuited  at  Sandy  ITook  and  is  in  the  Kauie  couili 
tion  as  was  rei>orted  after  the  tenth  round  at  I'ninkfonl  arsenal.  To  l>e 
mounted  for  further  trials,  it  will  be  iieoessarj'  to  finish  ui>  a  ciirriage  that 
was  partially  preparetl  for  it  and  now  on  bund ;  this  will  cost  iLUWO,  a 
platform,  wbii-Ji  will  cost  ifJ,iiW),  250  ]>roie<tik'M.  810,000;  iwwder  for 
500  rounds.  Sli;,000;  i-epairs  of  butt,  and  iaimr,  'i3,WM);  making  n  total 
of  $28,500  to  complete  500  roinuls. 

SUTCLIFFE  O-IXCn  BREECH-LOADISG  RIFLE. 

This  gun,  now  mounted  at  Sandy  Hook  on  a  carriage  prei>aretl  for  it. 
has  been  fired  as  a  tf-inch  20  times  and  ethtmltl,  in  the  opinion  of  the 
board,  be  flred  up  to  100  rounds  as  a  J)"  caliber,  the  projectiles  for  this 
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pnrpose  being  now  on  hand — the  fulditional  cost  for  these  71  rounds  ^1 
be,  for  powder  $1,200 ;  hibor  and  repair  of  butt,  $500, 

It  is  the  opinion  of  the  board,  and  the  desire  of  the  inventor,  that  this 
<riin  should  be  bored  np  and  rided  to  a  10"  caliber;  thiswill  cost  $1,500; 
for  continuing  the  trial  to  500  rounds  as  a  10"  caliber,  it  will  cost,  for  jww- 
tier,  $8,400;  for  projectiles,  $10,000;  forrepair  of  butt,  labor,  &c,  $2,000; 
making,  in  all,  $:i3,600.    The  gun  is  in  good  condition, 

HANN  8.4-INCH  BRSBCH-LOASING  HIFLE. 

This  gun  is  now  on  hand,  in  goo<l  condition,  at  Sandy  Hook,  and  a  car- 
riage ready  for  it.  For  ftirther  trial  it  should  be  rechambered  for  40 
pounds  charge  and  a  new  gas-clieck  preparetl  for  it;  this  will  coat  $1,500; 
for  powder,  $6,000;  for  projectiles,  $5,000  j  labor  and  repair  of  butta, 
£2,000 ;  making,  in  all,  $14,500. 

LTMAN  MTJLTICHAROE  6-lNCH  BIPLE. 

The  Ljinan  multicharge  gun  is  at  Sandy  Hook.  It  has  recently  been 
(hndshed  witli  a  new  breech-cap,  patting  it  in  good  condition.  Cost  of 
fiirther  trial  of  same : 


SUwadB 400  00 

Total 1,000  00 


Summary  ofamoHttta  required. 


Woodbr 

SiilcUffe  9"  bnwh-loaUiUK  rifle aa,600  00 

MaDua".4hnwh-loading  rifle 14,500  00 

Lvinau  6"  tniiltichargo 1,000  OO 


WAR  Department, 
Wtuthington  City,  April  19,  1878. 
The  Secretary  of  War  baa  the  honor  to  trausmit  to  the  House  of  Eep- 
resentatives  a  communication  from  the  Chief  of  Ordnance,  dated  the 
Ijth  instant,  and  the  papers  accompanjing  the  same,  in  regivrd  to  the 
five  exi>eri mental  guns,  including  "breech  and  muzzle  loading  cannon," 
[irocured  by  the  Ordnance  Department  under  the  act  of  Congress  of 
■Inly  6, 1872. 

The  guns  have  been  in  the  possession  of  the  department  for  two  or 
thi-ee  years,  but  owing  to  lack  of  funds  very  few  rounds  have  been 
fired  from  each  gun.  The  necessity  for  the  trial  is  fiilly  set  forth  in  tlie 
rt'IKirt  of  the  Ordnance  Boanl  and  of  the  Chief  of  Ordnance;  an  appro- 
liriation  for  the  puri>ose  of  continuing  and  completing  the  tnal  is  tliere- 
tore  respectfully  recommended. 

GEO.  W,  McCBARY, 

Secretary  of  War. 
The  Speaker,  HoMe  of  Repreaentatirea. 
22  OKD 
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Oednance  Office,  War  Depabtment, 

Watkiuglon,  April  15, 18T8. 

Sib  :  Under  the  act  of  Congresa  of  Jnly  6,  1872,  five  experimental 
fnins,  including  breech  and  muzzle  loading  cannon,  were  procured  by  tliis 
department.  These  guns  wei'e  designated  by  a  board  of  officers  ap- 
pointed under  tlie  provisions  of  that  act,  and  have  been  iu  the  posses- 
sion of  this  department  for  over  two  years.  The  inclosed  rei>ort  of 
the  Ordnance  Board  shows  the  very  few  rounds  each  has  been  fire«l, 
and  the  necessity  for  exhaustive  trials  with  these  gnus  to  cany 
out  the  intention  of  the  law.  There  can  be  no  question  that  their  trial 
will  develop  much  that  will  be  of  great  valne  reganliug  the  many  im- 
portant quetftions  that  enter  into  the  construction  of  hucIi  hea\-y  masues 
to  enable  them  to  endure  the  enormous  strains  to  which  tliey  are  sulv 
jected  in  their  use  as  engines  of  war;  and  the  ballistic  questions  hi- 
volved,  that  now  absorb  the  attention  of  the  best  l^<.^ientific  iauid»  in 
the  military  jtrofession,  are  of  such  importance  ui  the  detenninatiou  of 
the  beat  metluMls  to  utilize  the  industries  of  the  country  in  preparing 
for  the  national  defense,  that  an  appro]mation  such  as  is  recomniendetl 
by  the  Ordnance  Board  is  eminently  in  the  interest  of  the  public  service. 
1  therefore  recommend  that  Congi-esa  be  asked  for  an  appropriation 
to  enable  this  department  to  continue  and  com]>lete  the  trial  of  these 
guns. 

Verj-  respectfuUv,  your  obedient  sen-ant, 

S.  V.  BENET, 
Brig.  Gen.,  Chief  of  Ordaance. 

The  honorable  the  Sbcrbtaey  op  War. 


REPORTS  OF  THE  CONSTEUCTOB  OF  ORDN^VMCE. 

Office  of  the  Constbuctob  op  0rdna:(ce, 

A'ejf  York  City,  iieptember  21, 1878. 
Sir:  I  have  the  honor  U>  hiclose  herewith  report*  on  the  construction 
of  the  following-named  ordnance  and  carriage  for  8-inch  breech-loading 
rifle,  to  wit : 

12.35-inch  muzzle-loading  rifle. 

10-iuch  muzzle-loading  rifle,  converted  from  a  13-inch  smooth-bore. 
Converted  8-inch  muzzle-loading  rifle  (breech  insertitm  of  linmg). 
•Oonverte*!  8-inch  breech-loading  rifle  (round- weilge  fermeture). 
Carriage  for  8-inch  breech-lomling  rifle,  altered  fi^m  a  bwhette  car- 
riage for  10-inch  smooth-liore  gnu. 

The  above  comprises  all  the  experimental  guns  which  have  been  con- 
Btrocted  under  the  superviaion  of  this  office  up  to  dat«  and  since  the 
date  of  my  last  reports  published  with  the  report  of  the  Chief  of  Ord- 
nance for  the  year  1877. 

In  order  to  present  a  fiiU  reiwrt  of  the  construction  of  the  12.25-iiich 
rifle,  portions  of  the  preliminary-  rei)ort  heretofore  submitted  liod  to  be 
introduced  in  the  inclosed  reiwrt  of  its  eonstniction. 

I  am  largely  indebted  to  the  services  of  Capt.  Cnllon  Bryant  and 
liients.  Charles  S.  Smith  and  C.  W.  Whipple,  of  the  Ordnance  Depart- 
ment, in  the  compilation  of  these  reports  from  the  data  on  the  files  of 
this  office. 

Verj'  respectfully,  your  obedient  servant, 

S.  OEISPIS, 
Set.  Col  U.  S.  A.,  Lle^it.  Col.  of  Ord.,  Construetor  of  Ordnance. 
Tlie  Chief  of  Ordnance,  TJ.  S.  A., 

Washington,  P.  C.  GoOqI^. 
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APPESBIX  H. 

COSSTBL'CTION  HEPORT  OF  A  12.25-IKrH  MUZZLE-LOADING  RIFLE.  CAST- 
IRON  CASING,  LISEU  WITH  COILED  WHOUUHT-IKON  TUUE,  INSERTED 
FROM  THE  MUZZLE.     (SYSTEM  No.  1.) 

(Odc  plate.) 

The  12^-ikch  Muzzle-Loadino  Rifle. 

desoeiption  op  the  gun. 

{Plate,  Figure  2.) 

The  gna  consists  of  a  cast-iron  body  or  ca^iiif;  of  the  Rodman  model, 
lined  with  a  coiled  wroiight-iron  tube.  It  conti^nna  in  the  ^neral  plan 
of  its  constmction  to  the  8-inch  converted  rifle — wrought-iron  lined — 
a  fnll  description  of  whicJi  has  been  given  in  previous  reports.  The 
only  material  [wint  of  difference  is  in  the  use  of  three  additional  secur- 
ing pins  to  prevent  the  tube  working  in  the  casing. 


The  rifling  consists  of  21  lands  and  grooves,  each  of  equal  width. 

Width  of  lands  mill  grooves 0.9163  inch. 

I>qrthof  KTooTua 0.09      iutU, 

Tttiit  uiijfiinn,  one  tuiu  in  70  feet. 

The  fiill  depth  of  the  riding  stops  at  a  point  30  inches  from  the  bottom 
(if  the  bore,  and  the  grooves  ai-e  terminated  with  a  uniform  bevel  2 
inches  in  length. 

VENTING. 

The  vent  is  located  parallel  to  the  vertical  plane  through  the  axis  of 
the  bore  and  3  inches  to  the  left.  It  enters  the  bore  at  1)3  inches  firom 
the  bottom. 

FABBICATION. 

The  tube  was  manufactured  at  the  works  of  Sir  William  Armstrong, 
at  SeweaHtle-ui>oii-Tyue,  England.  It  is  of  coiled  wrought  ii'on,  and  made 
ujwn  the  same  plan  as  those  used  in  the  conversion  of  the  lO-inch  Rod- 
man smooth-bores  into  8-inch  rifles.  It  was  bored  up  to  au  interior 
diameter  of  12" ,2^7,  in  order  to  remove  a  defect  found  in  the  bore  while 
in  progress  of  manufacture. 

The  diameter  and  length  of  the  tube  when  received  were  considerably 
ill  excess  of  the  prescribed  flnir<he<l  dimensions.  It  was  subjected  with 
satisfactory  results  to  a  water-pi-oof  of  375  poiuids  per  square  inch,  and 
a  careful  LUsi>ectiou  iailed  to  ditwMJver  any  flaws  or  defects  in  its  construa- 
tion. 

The  casing  was  manufactured  and  the  gun  finished  at  the  South 
Boston  fouiiderj'. 

The  giiti-casing  was  ca&t  on  the  Rodman  plan  and  cooled  from  the 
iuterior  by  a  current  of  water.  The  pattern  and  flask  for  the  mold 
Were  the  siune  that  wei-e  u.Hetl  in  the  coustniction  of  the  Thompson  12- 
iiith  breech-loa<liug  rifle.    These  were  altered  to  conform  to  the  different 
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exterior  dimeiimoiis,  and  a  mnszle  fie«^tion  30  inches  long  was  fuldeil  to 
give  the  atlilitional  length  required.  A  new  core-barrel  was  uroricUil 
on  account  of  the  increatted  diameter  of  the  Imre  over  the  Thomj^on  gun- 
casing. 

FURNACES  AKD  IKON. 

The  ordnance  foundcry,  in  which  the  gnn-casing  was  cast,  contains 
three  reverberatory  fimia<-es,  all  of  wliich  were  cliarged  to  their  full 
capa4;ity.    The  grades  and  quantities  of  iron  employed  were  as  follows: 

No.  1.  DoTor  pif^-iron 82.  ^ix) 

No.  2.  Dover  [lig-imu 22.;^"l 

No.  3.  Dover  pig-iron 24.  9 « 

No.  1.  Muirkirk  pig-iri.n 22.  WW 

No.  3.  Muirkirk  piK-inm 82. 5<"' 

No.  3.  Muirkirk  pift-inm ii.»»i 

llemelt«d  Dover  ami  Muirkirk 47.*"> 

Total ie2.4i"i 

Each  furnace  was  charge«l  with  ecinal  weights  of  the  different  gradei*. 

Gtm-PIT  ASD  FLASK. 

The  gun-pit  in  which  the  cnsiiig  wna  east  is  11  feet  in  diameter  and 
22  feet  in  depth.  The  tlank,  when  in  the  ])it,  extended  al>ont  7  feet  above 
the  top.  To  conduct  the  metal  from  the  fimia<re«  to  the  flask,  the  tap- 
hole  of  each  iuruaee  was  connected  hy  a  runner  with  a  common  reser^-oir 
or  basiu  for  mixing  the  charge;  thence  two  numers  extended  to  the 
flask,  connecting  with  Bide  runners  on  opi>osite  sides  and  at  points  about 
■1  feet  S  inches  frnm  the  top,  which  was  as  high  as  the  flow  of  metal  from 
the  flimaces  could  reach.  To  till  the  flask  above  this  height,  it  was  ar- 
ranged that  a  itortion  of  the  charge  of  one  of  the  furnaces  should  l>e 
drawn  off  into  ladles,  to  be  poured  iii  at  the  top. 


The  fires  were  kindled  in  furnaces  Xos.  2  and  3  at  3.30  a.  m.,  and  in 
Xo.  1  at  4  a.  m..  May  3U,  1877.  The  metal  was  don-n  in  all  the  furnaces 
by  12.3U  p.  m.,  though  So.  1  preceded  the  others  by  fiilly  half  an  hotu*, 
on  account  of  being  more  advantageously  located  for  fee^ling  the  fires. 
Tests  of  tlie  metal  in  fusion  were  made  at  various  intervals.  At  4.40  p. 
m.,  it  was  fonu<'  '9  be  in  proper  condition  in  all  the  fiimaces,  and  they 
were  tapped  sanultaueously.  In  15  minutes  the  mold  was  filled  to  tlie 
level  of  the  runners  from  the  basin.  The  flow  of  metal  from  the  fiimaces 
was  Uien  stopped  and  the  connecting  apertures  closed.  Two  large 
ladles  of  metal,  which  had  meanwhile  been  drawn  from  one  of  the  fiir- 
naces,  were  quickly  poured  in  at  the  top  of  the  flask,  which  flllwi  it  to 
within  20  inches  of  the  surface.  The  remaining  space  was  filled  by 
abiding  three  small  ladles  of  metal,  the  last  one  being  poured  at  o.4S  p.  m. 
It  was  found,  however,  the  next  morning,  that  the  surface  of  the  castinj; 
ha^l  sunk  several  inches  during  the  night,  and  more  metal  was  then 
added. 

COOLING. 

Tlic  water  was  let  into  the  core-barrel  at  the  same  moment  that  the 
fiininces  were  tapi)e4l,  and  circulated  for  42  minutes  at  the  rate  of  (ill 
gallons  i>cr  minute.     It  was  then  dimuiishe<l  to  36  gallons  per  minute. 
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at  wliich  rate  the  circiUation  was  continaed  until  aliut  off  for  the  puriwse 
of  withdrawing  the  core-barrel.  Fires  were  lighted  in  the  i»it  at  C.Oti  p. 
III.,  and  were  kept  burning  for  about  60  hours.  The  flow  of  water  wan 
stop]>ed  24  hours  after  casting  and  the  core-barrel  removed.  The  water 
was  then  iiyected  into  the  gun,  and  after  a  short  interval  the  rate  of  cir- 
culation was  lixed  at  26  gallons  per  minute,  and  continued  until  118J 
huiirs  after  easting,  when  it  was  shut  off,  excepting  a  small  stream  of 
Lalf  a  gallon  i)er  minute,  wliich  was  allowed  to  circulate  for  14}  hours 
longer.  The  detiiila  of  the  cooling  are  given  in  the  "statement  ot  fabri- 
cation."    (Table  No.  1.) 

TUKNIMG  AND  BOEING. 

"When  the  gun  had  become  thoroughly  coole<i,  the  flask  waa  removed, 
AitA  the  ontsi<le  eleaneil  of  as  much  of  tlie  scale  as  came  off  reailily.  The 
hoiKting  from  the  pit  was  attendetl  with  some  delay  and  diflleulty,  as  the 
fonn^lerj' -cranes  were  too  light  for  the  piirpose,  and  additional  hoisting 
maehinery  had  to  he  erected  temporarily.  It  was  finally  act^omplishetl 
on  the  twelfth  day  after  casting,  and  the  gun  was  lowered  upon  skids 
alongside  the  i>it.  The  remainder  of  the  scale  was  chipped  off  from  the 
exterior,  and  the  bore  was  cleaned,  as  far  as  practicable,  after  being 
treated  with  a  solution  of  diluted  sidphuric  acid  to  soften  the  scale. 
The  gun  was  then  transferred  to  the  machine-shop,  and  placed  in  the 
heading-lathe.  MHiile  in  this  machine,  the  greater  ]H>rtion  of  the  Kiiper- 
fluoiis  muhil  of  the  chase  was  removed  by  cutting  in  at  »hort  intervals 
to  within  2  or  3  inches  of  the  retpiired  diameter,  and  tlien  breaking  out 
the  iuter\'ening  rings  with  cliisel  and  baimner.  A  ring  for  testing  piir- 
)H)se»,  .3J  int^lies  thick,  was  cut  next  to  the  mn;!7.le,  and,  as  soon  as  work 
n[H>n  tlie  cliawe  was  sufBeieiitly  advanced,  was  detached,  together  with 
the  sinking-head. 

The  gnu  waa  next  tran8ferre<l  to  a  boring-lathe,  where  the  o|)erations 
of  boring  and  turning  could  be  carried  on  at  the  same  time.  In  this 
machine  the  bore  was  flnishe<l  for  the  receittion  of  the  tube  and  the  exte- 
rior, with  the  exception  of  the  trunnion  section  and  the  extremity  of  the 
breech,  turned  down  to  the  prescribed  dimensions. 

A  carei\il  ins{>ection  at  this  stage  of  the  work  showed  the  bore  to  be 
smooth  and  fiee  from  flaws,  and  no  defects  of  importance  weie  found  on 
the  exterior. 

Measuromenta  with  the  atar-gange  showed  a  diameter  of  bore  varjing 
only  from  li>".494  to  l!)".4i>C,  andthee<!centricitynowhereexceeded0".002. 

The  straightness  of  the  boi*  waa  verified  by  a  cylinder-gauge  00"  in 
length  and  1!)".4!)  in  diameter,  which  was  inserted  to  the  Imttoui  and 
withdrawn  without  difficidty.  To  finish  the  tninnion  section  of  the 
exterior,  the  casing  was  placed  in  a  trunnion-lathe  and  the  truimiona 
tnmed  down  to  tlieir  proi>er  dimensions,  while  the  greater  i>art  of  the 
excess  of  metal  between  was  remove<l  by  a  iilaning-machine  working  at 
the  same  time.  The  siglit  seat  and  rimbaaes  wei-e  next  finisheil  by 
chipping  off  the  8ur[>Ius  metal  by  hand  and  filing  down,  and  an  indicator- 
hole  for  tlie  gas-escape  was  bored  near  the  bi-eech. 

As  soon  aa  the  diameter  of  bore  of  the  casing  was  determined,  the  tube 
was  placed  in  a  lathe  and  the  exterior  finished  to  a  diameter  varying 
uniformly  from  19".488  near  the  breech  to  19".4H.'J  in  the  vicinity  of  the 
mnzzle,  thereby  allowing  a  play  between  tube  and  casing  varjing  (mm 
Q"M7  to  0".013. 

Tlie  tube  now  being  ready  for  insertion,  the  casing  waa  jdaced  in  posi- 
tion upon  two  lathe-beds,  with  tlie  muzzle  slightly  elevated.    The  tube 
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■was  stispeiided  by  slings  to  a  tnick-crane,  and  havinp:  been  tborouglily 
oiled  and  the  breech  smeared  with  red  lead,  was  swung  in  front  of  tlie 
casing  and  inserted  as  far  as  the  slings  wonJd  permit ;  these  were  then 
shifted  forward  by  changiiig  the  iKtsition  of  the  crane,  and  the  tube  was 
allowed  to  slide  gradually  down  until  it  reached  the  Imttom.  No  diftl- 
cultieu  on  account  of  sticking  or  binding  were  encountered.  The  tnlw 
was  then  withdrawn  and  the  operation  of  insertion  repeats!  until  hy 
filing  the  bott<)ni  of  the  tube  a  thorough  contact  was  seciire<l  betwwn 
it  and  the  bottom  of  the  bore  of  the  caning.  After  this  had  been  accom- 
l>lishe<l  the  tube  wa^  placed  in  the  rifling -machine  nud  rifled.  It  was 
theii  finally  insertiHl,  and  the  muzzle-collar,  which  had  been  finished  in  the 
mean  time,  was  fitted  and  screwed  home. 

The  gun  now  beuig  ansembU-d,  it  was  ]>1aced  in  the  hesuling-lathe  and 
the  nnizzle  ikced ;  holes  were  drilbnl  for  the  vent -piece  and  securing-pius, 
wliich  were  inserted  in  their  places. 

Finally  the  breech-square,  which  had  iK-en  left  at  the  breech  for  liami- 

ling  the  giui  in  the  lathe,  was  turned  down  until  it  coidd  be  broken  off, 

which  was  done  by  blows  tVtHn  a  sledge  hammer,  and  the  breech  was 

tiuished  by  chipping  off  the  remainder  of  the  surplus  metal  by  hand. 

TESTS. 

Tlie  ring  taken  from  next  the  mnzule  of  the  gun  was  test^-d  for  initinl 
tension,  and  specimens  were  afterward  taken  out  for  awertaiuing  the 
tenacity  and  density  of  the  metal.    Tlie  results  are  given  la  table  Xo.  1. 

The  metal  of  the  ring  in  several  jdaces  was  quite  Hi>ongy — ^indicating 
an  insuflicient  length  and  weight  of  sinking-head — and  considerable  dif- 
ficulty wiis  experiened  on  tliis  accomit  in  securing  suitable  8i»ecimen9  for 
the  test.  The  ring  was  taken  from  that  part  of  the  casting  where  the 
metal  wa«  poured  iufi-omla^llesland  consequently  was  somewhat  cooled). 
It  is  not  cei'tain,  thei"efore,  that  the  specimens  taken  irom  it  forrectly 
iudicate  the  physical  properties  of  the  metal  in  the  gun  wliich  came 
direct  from  the  funiaces.  An  outside  specimen,  taken  from  the  gnu  19 
inches  from  the  muzzle,  was  tested,  and  gave  results  materially  difi'er- 
ent  from  specimens  taken  from  the  ring.  (See  Table  No.  1.) 
INSPECTION. 

Tlie  insjioctions  ma<le  at  various  times  during  the  progress  of  the  con- 
struction  showed  the  worlaiiamiliip  of  the  gun  to  be  satisfactory  through- 
out, 

Tlie  gun  when  finished  {Deceml>er  21,  1877)  was  sent  to  the  proring- 
giwnul  at  Sandy  Hook,  N.  J.,  for  proof  and  trial. 

PRISGIPAL  DrMENSIONS. 

DiHiiieter  at  iniimle 27..'>j 

l>inmcter  at  IS  inches  fnim  mazzle.. 27,55 

Dinnu'tcr  at  3d  iui^liea  fnrni  luuzxlc 27.70 

DiHiiit'tcr  at  58  inclieti  fhim  niii7;xlo 89.Srt 

Dinnii^tfTst  78  iiiclteB  from  mnxzle 31.78 

Dianii'tut  at  98  iiicbm  from  uiiizi^le **.'':! 

IHitini-tFt  at  118  ineliesfrom  muKxle ^--^ 

Diuuii-tvr  iit  i:i8iu(;hi>8  from  miizxl« *'^'^ 

Dintartcr  at  ISS  inch™  frnm  lunzzlo 4T.iW 

DiaiiH'tpr  nt  178  liicheu  ftflin  mnralo 60.93 

Diameter  at  198  iurhvafrom  mnzzle »}■"'' 

Diuiuutcr  (inaxiiTiiim)  at  2lii  inched  Irom  mnzzle ^ 

DiamrtiT  ut  hn*cli - - 47.Hi 

Diamrler  at  nock ,. 41.60 

».»«,.,  of  i„„„.i„,» fa"' ■  s 
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Diameter  nf  rimbas^ J  [^S.    {2 

Total  length  of  gun 368.93 

Length  of  trunuious }  |^^     g'j2 

DiHtiuice  between  rimbaseB 55.09 

DiatuncQ  from  axis  of  trauuiona  to  tace  of  miizzlo 167.67 

DiHtanee  from  axis  of  trunnions  to  rear  of  breech 9b.'i5 

DtHtanieof  oxuof  tnmuionaihtuiudaof  bore 0U5 

Total  leuKtbof  tube 232.13 

Total  length  of  bfli«  of  easing 232.13 

Maximum  eceeutridty  of  bura  of  cAHlng 002 

L<-u|£thofItliili« 59.86 

Di'|ith  of  wrought-iroucupat  bottom  of  tube 5.07 

TluckjicBB  at  bottom  of  w rough t-iruu  cup 5 

DiametvroffiniHbcdtnbo,  from  bottom  to  CO  liichea J  194^ 

Diameter  of  bore  of  casing  i^im  bottom  to  G0iuclic8 J  {g  Jon 

CorrcHpouiliiig  play U09 

Diameter  of  fiuisbfil  tut)c,  from  60  inches  from  bottom  to  muK/lo J  Iq'jS 

Diamet*rof  bore  of  caaiug,  from  60  iuchea  from  hottom  tomuzalo )  la  496 

CorreBiK>niling  piny 013 

LeuKth  uf  mM:k  of  tulio  luiiler  muzzle  eollar 6.96 

Length  of  muizle  collar 6.96 

Length  of  reeem  in  casing 7.43 

Length  uf  Buruw  un  muz^o  collar 4.OT5 

Length  of  Bcrciv  on  recess  ia  cosiug . 4.75 

Exeews  in  length  of  screw  ou  coUiu'  over  that  on  recess 125 

Diiimeter  of  tulie  over  neck 10.506 

lult'rior  iliumeli^r  of  muzzle  collar 16.51 

Cnrre8p<miling  play - .001 

Diameter  of  muzzle  collar  across  tlii«ads 19.992 

Diameter  of  recess  on  cairiitg 19.999 

Play  bet  ween  collar  and  casing ,         .007 

TliieknenB  of  collar ,,       1.741 

Pitch  of  thread  on  collar 75 

RatliuHof  curve  at  bottom  of  bore  of  casing..: 2.18 

Radius  of  cnrve  at  bottom  of  tnlie 2.25 

Diameter  of  gas  channel  through  cawng .-, 2.1 

Distance  of  iutpriot  orifice  below  axis  of  bore 7.06 

Distance  of  exterior  orifice  &cm  tnugeut  to  bottom  of  gon 18.16 

Length  of  bore  of  A  tube 227.11 

Length  of  riiled  portion  of  tube 206.90 

Diameter  of  boie  acroes lands { 13^ 

Width  of  grooves 916 

Width  of  lands S166 

Depth  of  grooves , 091 

Piteh  of  rifling feet-.    70 

Diameter  of  vent ,. .2 

Diameter  of  vent  bushing ,.., .       1 

Ajtin  of  vent  from  bottom  of  bore 9.2 

*^is  of  vent  from  verticalulane  through  axis  of  bore 3.15 

i-No.  1 5.06 

Length  of  secnring-pins i  jj"'  2'. '.         '.".'.'".',"".      9.52 

fKo.  1 L.'KM 

Diameter  of  securing-pins Wo' 3 2^ 

U'o!4!!IIIl^"Il.'.*"lI."".'.^"!*IimiI    3 

fNo.  1 28.08 

Distance  of  Bociiring-ptuB  from  muzzle^  ^JJ'  i " Ite'w 

Lnom!""""!"";!".""!"'".""!  12«;84 

Weight  of  gnn pounds..     89,350 

Counter  prejioiideraDce poiutds-.         " 
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Table  No.  1. 

aufactured  at  tke  SaM  AwIm 


Or«do  of  i™. 

FnniMe*. 

Ko.L 

Mo.  2. 

So.  J. 

TouL 

IS,  000 

IMXW 
lti,OW 
1^800 

iS.Mtt 
15,000 
15.000 

1S.0M 

l^ooo 

S0.8W) 

M.«« 

«0.M> 

ie«» 

Fora 

^ 

No-L 

Is'd.  i. 

Xil3. 

Tntal. 

MHtbia 

1 

Charaeler  9}  tttlrt^iia. 


FanuBHi. 

H0.I. 

Bo.  2. 

No.  3. 

fiuin. 

IrOD 

N «rlj  white 

MotlW, 

SUghUjniotUud. 

KdflfUldi 

£«wnl  of  oiuling. 
May  30  L 

FurnaceB  fired  at 3.30  and  4  ».  ui 

Metal  down  at ia,aOp.in. 

Time  of  iDcltJug 9  lioiire. 

Time  in  flision 4^  huiirs. 

Ouucastat 4,40 p.m. 

Time  orcn])icd  in  cOBting InminuW.'- 

Tonjporature  of  water  eutf'ring  core-barrel 62  dfgtw* 

T«nii«rat«re  of  watnr  leaving  core-banvl  (45  uiiniiteH) llSili^n***' 

Bate  of  water  iKT  miiiiit« 36  (fHllcnii 

I'iru  kindled  in  pit 6.06  p.m. 

Fire  in  pit  went  out 6.00  i.m. 

'  Fire  in  pit  burned (iO  houn. 

May  31 : 

Wftt<'r  sliut  off  at 5.00  p.m. 

Core-barrel  removed  at 6.4.'iii.in. 

Water  entered  Klin  at 6.57  p-w. 

Temperature  of  water  entPring  gun 64  degivw. 

TemiieratTire  of  wnter  Icavtug  guu  in  13  minutes 136  dep***- 

Total  time  in  cooling  gim 119j  huufs. 
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Co<iH»g-lable*. 


Core-lmrrel. 

!                                                    Con-barrel  Rmorod. 

Hoan. 

Ik.gre«. 

Bom. 

Degreo.. 

Honri 

D.gre«. 

Honn. 

D.gt«., 

Eoun. 

J 

IM 

S3 

61 

M 

IM 

ff7 

87 

7^ 

IW 

!       M 

48 

JO 

81 

- 

BB 

«a 

HI 

110 

88 

JUtelutnioal  lata. 


I><ni9lt;. 

T,o«l... 

V»«(     IsMeC 

T«s» 

MBon 

; 

2717 

4< 

ISpi'diuou  Ukvufni 


Ibo  Unitnl  Slatea  oi 


Initial  fenn'on. 

Eitprior  (liamcter  of  riu(t 49".(» 

Inlvriiir  tliaiiicter  of  ring 17"."5 

ThickQPBHof  ring :(".f>4 

Thickness  of  broken  section 0".fif> 

Interior  of  opening 0",0«W 

Exterior  of  olM-ninK (K'.lfM 

Cin-umfetcui-p  of  cxtprinr  of  ring IKf'.KW 

Exierior  per  inrliof  circumfeiciK^o 0" ,001195 

lmli«l  tennion 19,500 

Remabks. — Equal  quantities  of  Dover  and  Miiirkirk  were  nsed  in 
chargiii};  the  furnaces.  Itecoixi  of  cotil  consuiiietl  was  not  kept  for  tlie 
different  ftimaces.  Ftimaees  Nos.  2  and  3  fired  at  3.30 ;  No.  1  at  4  a.  m. 
Cooling  tables  represent  the  tt^mperatnre  at  which  the  water  left  the 
core-barrel  and  gun.  Temwrattue  was  at  68°  when  the  water  was  shut 
off 
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APPE\DIX  E 1. 

CONSTHUCTION  REPORT  OF  lO-ISCH  MITZZLE-LOADISG  RIFLE,  CON- 
VERTED FROM  A  l;l-INCH  RODMAN  SMOOTH-BORE,  BY  LIKISG  WITH  A 
COILED  WKOL'GHT-IRON  TL'Bi;,  IKSEKTED  FROM  THE  MUZZLE.    (Systew 

Xo.  a.) 

(Oue  plate.) 

DESCRIPTION  OF  THE  GUN. 
(riate  I,  Fig.  2.) 

The  ca«t-iron  casing  C  consists  of  a  13-incli  Eo«linan  smootli-bore  gaiif 
hoi-e*!  up  to  a  diameter  of  17  inches.  The  tube  is  of  coiled  wronght  iron, 
and  in  inserted  and  secured  in  tlie  casing  in  the  same  matmer  as  in  sys- 
tem !So.  1.  The  inner  or  A  tube  is  made  in  two  sections.  The  breech 
section  A'  is  joined  to  the  mnzzle  section  A  by  counter-boring  and  cutting 
a  screw-thread  in  the  latter  for  its  reception.  The  section  A'  is  united  by 
eshiinhage  with  the  outer  or  B  tube.  The  latter  tube,  for  a  distance  of 
5  incLes  from  its  joint  with  tlie  muzzle  section  of  tlie  A  tube,  is  Iwred  to 
an  interior  diameter  of  13  inches,  and  for  the  remainder  of  it^  length  to 
13.5  inches,  thereby  forming  the  shoulder  a  n,  0".25  in  height.  It  extends 
'1.0  iiichos  beyond  the  A'  tiilie  at  the  rear,  and  the  bottom  is  closed  by  the 
disk  D,  which  is  screwed  in  and  forms  a  close  contact  with  the  breech  of 
the  A'  tube. 

The  object  of  this  form  of  construction  is  to  secure  an  increased  longi- 
tudinal strength  to  the  system  of  lining  cast-ii-on  gnus  with  coiled 
wrought-iron  tubes.  By  this  arrangement  all  the  longitudinal  strength 
existing  in  both  the  inner  or  A'  tube  and  the  B  tube  can  be  brought  into 
pliiy. 

Heretofore  the  B  has  only  been  shmnk  on  without  a  shoulder,  and 
thus  only  aiding  the  inner  tube  {longitiidinally)  by  the  resulting  friction, 
and  has  not  the  a<lvantage  of  the  positive  locking  together  of  the  tube 
and  jacket  provided  for  by  this  form  of  construction. 

Tlie  action  in  actual  practice  will  be  as  follows: 

The  gun  on  being  discharged,  the  powder  impresses  on  the  bottom  of 
the  bore  the  pressure  of  its  gases,  and  also  on  the  projectile.  The  lat- 
ter, in  its  passage  through  the  bore — ftipecially  when  the  maximum 
pressures  attain — creates  considerable  and  dangerous  longitudinal  strains 
fiffta  friction  on  the  surface  of  the  bore,  calling  into  play  the  longitu- 
dinal strength  of  the  inner  tube,  which,  ordinarily  constructed,  has,  in 
some  cases,  faile<I  (as  exi>eriments  have  shown)  to  sustain  the  sti^in,  and 
longitudinal  niptnre  has  ensued. 

By  the  plan  muler  consideration  the  screw-cup  B,  held  firmly  at  tlie 
bottom  of  the  bore  by  the  develoi)e<i  gases,  transmits  the  pressure  it  sus- 
tains to  the  disk  I),  which  in  turn  holds  the  outer  tube  or  jackets  by  its 
union  with  it. 

The  projectile  in  its  passage  through  the  bore  throws  a  powerftil  (fric- 
tional)  longitudinal  strain  on  the  iilner  tube,  which,  when  the  maximum 
strains  are  reached,  transmits  the  thrust  to  the  shoulder  a  a.  This  in 
turn  transmits  it  to  the  jacket  B,  which  being  secured  at  the  base  by 
the  disk  I>,  is  dra\vn  npon  for  its  longitnilinal  strength,  in  the  manner 
provided  for  by  the  imi)rovemeut  presented. 
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EIFLING  AND  TBNTIMS. 

The  gun  is  rifled  with  17  lands  and  grooves,  each  of  eqnal  width.  Tht 
full  depth  of  riHiiig  stops  at  18  inches  from  the  bottom  of  the  bore,  and 
the  grooves  are  connected  with  the  unrifled  portiun  of  the  bore  by  a 
bevel  1".5  in  length. 

Width  of  (trooves  and  lands O.KIimli      ' 

De^th  of  jtroovea O.IW  iii.li 

Twist  umform,  one  turn  in  50  feet. 

The  vent  is  located  2" ,5  from,  and  parallel  to,  a  vertical  plane  throufh 
the  axis  of  the  bore,  and  enters  4" .5  trom  tlie  bottom. 

FABEICATION. 

Tlie  work  of  conversion  was  performed  at  the  South  Boston  FoanJi'O . 
The  gun  nse<l  for  the  casing  whs  a  IS-inch  Uo<lmaii  smooth-bore,  muun- 
factiired  at  the  same  fonndery,  and  inspected  and  p^o^'e<l  in  1866. 

The  gim  was  i^lsccd  in  a  1)oring-lathe  and  bored  u]>  to  17  Lncbt«:  tltf 
recess  for  the  muzzle-collar  was  bored  and  tai»i>ed,  and  the  indicator-li<4c 
for  tlie  gas-escape  bored, 

The  several  parts  of  the  tube  as  received  at  the  foiuidery  were  Imiwl 
under  size  and  rough  turned,  so  as  to  leave  a  slight  excess  of  nieial 
above  the  required  diiuneters.  To  join  these  parts  the  B  tn)>«  wai*  Wrn\ 
up  to  the  required  diameter,  and  the  threa<l  cut  at  the  bon-cb  for  tlir 
disk.  The  muzzle  section  of  the  A  tube  was  counter-l)ore<i,  thnradnl. 
and  beveled  for  tlie  rect-iition  of  the  breech  section.  The  latter  »«ti<ni 
was  then  finished  at  the  joint,  so  as  to  make  as  near  as  practkahle  a 
mechanical  flt,  while  the  remainder  of  the  exterior  was  turned  I<>  n 
diameter  to  enter  the  B  tube  under  a  shrinkage  of  alwiit  0".OftS,  Tlif 
spiral  groove  for  the  gas-escape  was  then  cut  and  the  breach  Mjnaivtl 
olf  and  finishe<l. 

To  shrink  the  two  parts  together,  t)ie  B  tube  was  placed  v«tic»ll\. 
breech  upward,  upon  the  end  of  a  hollow  cast-iron  cylinder,  with  an 
interior  diameter  large  enough  to  admit  of  tlie  free  passage  of  the  fh>iii 
end  of  the  breech  section  of  the  A  tube.  It  (the  B  tube)  was  then  iu 
close<l  in  a  cylinder  of  sheet-iron  and  heated  up  by  a  vood-flTe  until  ihr 
interior  diameter  liad  exj>anded  0".06. 

Tlie  section  of  the  A  tube  after  being  filled  with  cold  water,  whirh  wn- 
confined  ui  the  bore  by  a  wooden  plug,  was  attached  to  a  enuH-  an-l 
lowered  into  the  B  tulie  until  the  shoidders  on  each  came  in  ront;K-i 
A  stream  of  water  was  then  tunie<l  ui>ou  the  B  tube  and  coutinnwl  iinTil 
it  was  thoroughly  cooled..  The  disk  D  was  then  screwed  into  ilis  \iU*i- 
at  the  breech. 

The  siu^'aces  of  contact  of  the  joints  («  s,  see  drawing)  of  the  two  m-i 
tions  of  the  tube  as  now  assembled,  were  next  turned  dttvm  and  fittr<l  t-> 
the  front  section  of  the  A  tnbe,  until  as  close  a  junction  was  securv*!  .i- 
was  practicable.  The  sections  were  then  screwed  together  ami  tli- . 
tube  turned  down  in  a  lathe  to  the  required  dimensions  for  tDsertiim  ::. 
the  casing,  and  afterward  bored  up  to  the  prescribed  diameter  and  rirtr.! 

Tlie  mode  of  inserting  the  tulie  was  identical  with  that  einplovti^]  m 
the  construction  of  the  12.25  inch  rifle. 

Aft«r  the  insertion  of  the  tube  the  vent-piece  and  secnring-funs  w^r.  i 
inserted  in  their  places  and  the  muzzle  faced.  The  tulie  and  miu^l' ! 
cellar  were  allowed  to  project  1".5  beyoud  the  muzzle  of  the  caivag. 
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INSPECTION. 

Tlie  uisi>ectioiis  ina<le  at  varioue  times  during  the  progress  of  tlie  work 
ircre  satiHfaetory  with  regard  to  the  workinanahip  of  the  tube.  The 
l«jre  of  the  casing  waa  fotmd  not  to  be  perfectly  true,  and  reqnired  con- 
siiU-rable  enlargement  by  grinding  at  certain  points,  before  the  tube  could 
k'  inserted  to  the  bottom, 

PRIKCIPAL  DIMENSIONS. 

Tnialli'nKtli  of  tHl>e 153,22    inclu^B. 

TiiFnl  l>-[i)itb  of  bnmnf  ciuiing I&l.TO   inches. 

Musimuni  ercentricity  of  bore  of  oasfng 039im'Ii. 

Uicth  of  Btub© ., 4f<.88   iucLes. 

I-iLriordinmetorof  Btnbe J     liilSlucW 

iPiiiUH-twof  A' tQlw  underneath  Btaibe j      isltuinohei 

ShriiikttRe 0,004  iuclieB. 

Ih'l.tli  of  gjiH-PSca]te  on  A  tnlie (15    iiich. 

Width  of  giu*-*«capu  OQ  A  tube 0.1      incliCB. 

Virrii  of  Hjiiral  of  giut-fBcapo 10        iaches. 

I>i:|iih  of  wrought-iroii  cup  at  bottom  of  tube 3,4B  inchea. 

ITiioknt^.  at  bottom  of  wronght-iron  cup  and  disk,  j  j^"," ;:;;;".;:      ^  'i!^iZ'. 

Ihamatpr  of  cnp,  over  threads 9.8     incbus. 

[■ttdi  uf  thread  ou  cup 0.3     inches. 

[liainptpr  of  intirinr  nf  enn   at  J  *"P ^'*      inche*. 

cap,  avj  t^ttom 7.2     inches. 

P'iBDict«r  of  finished  tube,  from  hottom  to  48  inches J      16  984iuchM' 

[Kameterof  bore  of  casinK,  from  bottom  to  46  inches J      17047  inches' 

(.'nrrcHiKiuding  play ,064  inch. 

Diaiaeter  of  fiuished  tube,  from  48  incbea,  from  bottom  to  muzxte  -  <      if;' on;  ini-hnH' 
I>iitmeter  of  bore  of  casing,  from  48  inches,  from  bottom  to  muzzle  {      ■n'nSi  iiirhm^ 

I'orreHponiling  play ,. ., .038  inch. 

[<-[i)[th  of  nei^  of  tnbe  under  muzzle-collar 7.50   inches. 

iTi^h  of  muzzle-collar , 7.50    inches. 

<'ii£tli  uf  re<'e(«  in  casine -- -      6.59   inches. 

L--li)Ctli  of  screw  on  muzzle-collar 4,40   incbcs. 

[''llgth  of  screw  on  recess  in  casing 4.SS   inches. 

fclucHs  iu  length  of  screw  on  collar  over  that  on  recess 16    inch. 

'■uinictrr  of  tube  over  neck 14.705  iuches. 

iiicrior  diameter  of  muzzle-coltar 14.710  inches. 

'i-rreAiranding  piny 005  inch, 

'inuifler  of  miuzle-collar  across  thnods 17.506  inches. 

"iamt- (pr  of  recetw  ou  casing '. 17.522  inches. 

'lay  Wtweeu  collar  and  casing OlGiucb. 

liii'lcnesH  of  collar '   1.398  inches. 

■■'(■h  of  thread  on  collar 75   mch. 

LvliuB  of  curve  at  bottomof  bore  of  casing 1.95   iDches. 

^mIiiik  of  curve  at  bottom  of  tnbe 2.00   inches. 

liHtiitrtrr  of  gas-cbaniiol  through  casing S      inch. 

'i-tiiiic€>  of  interior  orifice  below  axis  of  born 6.5     inches. 

•Stance  of  esterior  orifice  from  tangent  to  bottom  of  gun 11.66    inches, 

-■ojrtb  of  bore  of  A  tube 147.28    inches. 

•■uglli  of  rided  portion  of  bore 129.08   inches 

™.l.r«fbon,«»«»Un,U \     KSS 

'irilh  of  grooves 923  inch, 

iMlfh  of  ^ds 925  inch. 

^    ..     *■  _™-.™-  >  "^  inch, 

vpihof  groovw ^        .097  inch. 

■i.h  of  rifling 50       feet. 

dimeter  of  vent 3      inch. 
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DiBineter  of  vont-bnahing ..... ...... . . . ..-  1.01  incbni. 

Axis  of  vntt  from  bottom  of  bore 4,40  inrbKi. 

AxiB  of  vflUt  from  vortical  plane  through  axis  of  bore S.46  iw\m. 

LeoKtb  of  wciirinK-pln ^'^  iKhrs. 

DiomoteT  of  »t«unii({-|iin iM  inchm 

DiManee  of  securing-pin  troai  mazzle — ..  —  -  —  T3.T2  inchrn. 

Weight  of  j^un 411,320  ptmiKl*. 

Conntor-prtponderajico 0 

The  gun  'when  finished  vae  sent  to  Sandy  Hook  for  proof  and  trial. 
No.  1. 

Tdbh  ihoaiHg  relatire  dianuUri  of  in  Imor  of  catitig  of  l(l-i«ci  jtmiiMMuUiig  rift  *ii  "If- 
rier  of  \kt  t»bt  inttrUd  tkertiu. 
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REPORT  OF  THE  CHIEF   OF  OBDKAKCE. 


APPENDIX  E2. 

COKSTRUOnON  REPORT  OF  AN  B-INCH  MI'ZZI.E-LOADING  RIFLE  CON- 
VERTED EKOM  A  lO-INCH  RODMAN  SMOOTH-BORE,  BY  LIXING— BY 
BREECH  INSERTION— WITH  A  COILED  WROUGHT-IROX  TUBE,  HAVING 
A  JACKET  SHRUNK  ON  EXTENDING  THROUGH  THE  BREECH. 

(One  plate.) 

FBELiaHNART  BEUAKKS. 

The  difilciilties  of  secnring  perfect  weldings  in  coileil  TrmnRlit-iron 
tiil)e«  liave  led  in  nome  instances — in  tlie  history  of  the  employment  of 
linings  constmcted  in  tlie  manner  and  on  the  present  i)lan  of  muzzle  in- 
nertion — to  the  development  of  grave  accidents  in  ser\"ice:  tubes  heing 
blown  out  and  the  muzzles  torn  off,  all  from  defective  welds. 

The  most  satisfaetory  and  secure  remedy  for  this  imperfection  un- 
doubtedly lies  in  the  provision  of  a  shonlder  on  the  tube  (in  troat  of  the 
charge),  the  gun  being  recessed  for  its  reception. 

An  otherwise  strong  and  durable  constnietion  embodying  this  feature 
must  accordingly  have  an  important  advantage  over  the  present  plan  of 
miizzle  insertion,  in  which  no  adequate  provision  can  be  ma^le  to  pre- 
vent the  destructive  effects  of  a  tube  being  blown  out.  This  accident 
is  likely  to  occur  if  all  the  welds  are  not  soimd — a  perfection  whicli  it  is 
impossible,  from  the  nature  of  the  construction  of  coiled  wrought-iron 
tidws,  to  uniformly  and  certaiidy  attain. 

The  uniform  success  of  our  present  gitns  is,  in  a  great  measure,  due 
to  excellence  of  work  and  care  in  manrtfactiire;  bnt  it  is  evident  that 
a  decided  improvement  attains,  if  we  can  have  perfect  imnmnity  fr«m 
the  defect  alluded  to  above,  while  securing  a  ])ertfectly  reliable  constnic- 
tion  in  other  respects. 

A  consideration  of  the  question  has  led  to  the  eonstniction  of  a  gim 
on  an  improved  plan  of  breech  insertion,  having,  it  is  l>elieved,  more 
dtmtbilitj'  than  the  present  plan  of  muzzle  insertion,  and  secnring  the 
other  advantages  above  quoted. 

The  imperfections  of  breech  insertion,  in  alterations  heretofore  made, 
have  arisen  tnnn  tlie  motle  of  construction  employed,  to  wit,  leparating 
the  breech-plug  from  the  strengthening  tulie  shnink  on  the  inner  tube 
or  lining ;  also  from  tlie  solid  construction  of  the  plug. 

The  throwing  of  the  entire  longitudinal  strain  on  to  a  breech-plug  by 
depriving  it  of  all  assistance  fi^ni  the  longitiulinal  strengtli  of  the  en- 
veloping jacket,  proiluces  a  line  of  longitiidinal  weakness  at  the  junc- 
tion of  the  tube  and  plug,  where  the  longitudinal  and  tangential  strains, 
Hiider  Are,  combine  to  produce  rupture.  This  fact  is  well  estabbsbed  by 
exiieriments  in  England. 

In  the  construction  under  consideration,  the  jacket  is  slimnk  on  the 
tnlie,  and  extends  contiimotisly  with  a  uniform  thickness  from  a  imint  a 
slinrt  distance  in  front  of  the  tnmnions  to  the  breech-cup  of  the  inner 
tuhe,  and  thence,  with  an  increased  thickness,  clear  through  the  breech  to 
1'*  fwe. 

This  unbroken  continnity,  and  the  yielding  hollow  wrought-iron  breech 
thus  formed,  give  all  the  strength  dc«iml>le  at  tlie  iHittom  of  the  liore,  to 
resist  the  combined  longitudinal  and  tangential  strains  at  tliat  i>oint ; 
and  the  breech  [wrtion  of  the  jacket  by  its  liollow  form  l>eing  jiermitted 
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to  expand  in  unison  witli  the  tnbe  when  the  latter  is  (listended  niider  tbe 
strains  of  discharge,  avoids  the  danger  of  rui>tiu^  liable  to  result  from 
the  rigidity  of  a  solid,  unyielding  breech.  A  square-cut  plus  thread  cut 
ou  the  breech  imrtion  of  tlie  jat;ket  correeponds  with  a  iiiinus  thread  cut 
on  the  cast  iron,  each  to  fonn  the  union  of  one  with  tlie  other.  The  area 
of  cross-section  of  the  wrought  iron  is  such  as  to  have  its  utrength  pro- 
portional to  the  strength  of  the  thread  on  the  cast  iron ;  reference  being 
had  to  the  relative  strengths  of  the  two  metals. 

The  breech  portion  of  the  jacket,  it  will  he  ob8er\'e<l,  is  so  conKtructe*! 
as  to  overlap  the  Iwttom  of  the  tnlie  and  the  exterior  poition  of  its  cup. 
Tlie  longitudinal  thrust  consequently  is,  at  this  point,  princiiwiily  Iwnn- 
by  the  wronght-iron  jacket,  and  not  by  the  secondary'  breech-phig,  simjily 
nse<i  to  close  tlie  hollow  part  of  the  former.  By  these  arrangements,  the 
greatest  resistance  is  secured  to  longitudiiml  strains. 

A  breech,  plug  of  cast  ii"on  eonipleti^  the  constnu^tion  of  the  breech. 
The  inner  tube,  »hovldered  and  closed  at  the  Iwttom  in  the  nsual  manner, 
completes  the  mention  of  the  general  featni'es  of  the  coiistmctioii. 

It  will  be.  seen  tliat  the  ja4'ket  (1".5  thii-k)  extends  to  the  Iront,  a  dis- 
tance of  about  40  niches  tram  the  bottom  of  the  bore,  thus  reinfon-ing 
the  inner  tube  (1".25  thick)  to  a  greater  length  than  in  the  case  of  the 
"  B  "  tubes  of  the  present  constniotioiis,  and  consefiiiently  flUly  strength- 
ening it  over  all  the  space  where  the  pressures  are  at  all  dangerous. 

DESCEIPTION  OP    THE  GUN. 

Plate  1,  Fig.  1,  represents  a  lOiiieh  Kodiuan  smooth-lwre  gun  with  its 
lining  inserted  from  the  breech.  Fig.  2  is  a  transverse  section  in  the 
jilane  n,  b.  Yig.  3  is  a  similar  section  in  the  iilane  c,  d.  Fig.  4  is  a 
longituclinal  section  in  the  plane  e,f. 

Fig.  4.  The  gun  is  essentially  eomjiosed  of  three  jiarts:  (A)  the  origi- 
nal 10-inch  smooth-bore,  boi'e«l  out  to  receive  tlie  lining;  {B)  a  lining- 
tube  of  coiled  wrought  iron  {welded),  with  a  jacket  (C)  of  wrought  iron 
witli  its  hollow  base  or  plug  extending  to  the  face  of  the  breech;  and 
the  breech-serew  (D).  The  bottom  of  tlie  tube  is  closetl  by  a  wronght- 
iron  base  or  cup  (K).  A  shoulder,  h,  A,  on  the  inner  tube,  prevents  tlie 
tube  from  being  thrust  forwani  by  the  effects  of  rei>eated  firings,  or  blown 
out  from  imperfect  coil-welds.  A  screw-collar,  k,  at  the  muzzle,  give-s 
additional  security,  resisting  any  forward  tlmist  of  the  metal  of  tlie  tube 
in  front  of  the  shoulders.  Tlie  dimensions  of  the  finished  bore  of  the  cast- 
iron  bodv,  and  the  exterior  dimensions  of.the  wTOught-iron  tube,  are  given 
iu  Table  1. 

It  will  be  seen  that  the  play  between  the  cast-iron  body  and  tube  and 
jacket  does  not  exceed  W'.ol  for  a  length  of  88"  from  the  muzzle,  nor 
0".004  Ihjm  tliis  point  to  the  commencement  of  the  screw-thread. 

The  greatest  diameter  of  tlie  tube  and  jacket  is  14".7,  The  diameter 
of  the  tube  from  the  muzzle-collar  to  the  first  shoulder  is  10" .5.  Tlie 
maximum  thickness  of  the  tul>c  and  jacket  is  therefore  3. "35,  and  the 
nmiimum  thickness  of  the  tube  is  V'.23. 

The  curved  part  of  the  end  of  the  tube  is  described  with  a  larger 
radius  than  the  corresponding  cur\-e  in  the  cjist  iron,  so  as  not  to  l>e  in 
<'flntact  with  it  at  that  part.  This  space  prevents  tlie  tube  from  acting 
as  a  wedge  to  split  open  the  cast  iron. 

The  thread  upon  the  muzzle-collar  slightly  exceeds  in  length  that  of 
the  corresponding  thread  in  the  muzzle  of  the  casing,  so  as  to  insure  a 
close  contact  between  tbe  end  of  the  tube  and  the  bottom  of  the  bore  of 
the  casing. 
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The  riflitig  of  tbe  gim  consistB  of  15  lands  and  grooves  each,  of  equal 
width. 

Widtliof  InnilH  ami  gmovi'B 0.8377  iiicli. 

IVi.tli  '.f  (ir.«)iv» 0.075   ilicli. 

Twixt  iiiiifcrtiii,  oiu!  tiini  in  iO  fci-t. 

The  rifling:  8ti>i>Bat  fti>oiiit  10  inches  fh>m  the  Iwttoni  of  the  bore,  and 
tlu'  diameter  of  tlie  nniitied  portion  of  tlie  l>«»re  is  equal  to  that  of  tlie 
ritl<-d  ]>i)i-tion  across  lands. 

VBSTIHG. 

Tlie  old  vent  was  closed  (the  eo]»i>er  bushing  having  l»en  removed) 
by  ii  witnight-iroii  Sfit'w-plug,  and  'J".7ii  nearer  the  nnizzle  a  new  one 
was  lM»re<l,  parallel  to  the  veitieal  plane  tlu-ougli  the  axis  of  the  bore,  and 
<Iisfaiit  tltereti-oui  '2".M.  Tlie  axis  of  the  vent  enters  the  bore  at  .'("^ 
from  the  tK>ttoni. 

FABRICATION  OF  THE  OVN, 

Tlie  tnlie  was  niainifaetnred  and  woi'k  of  t(niveision  performed  at  the 
Wi'st  i'oint  Fouiidery. 

The  gun  si-leeted  fur  the  eonversion  was  10-iiK'li  Rodman  gun  Xo.  10, 
niannfa<-tun'd  at  the  rioutli  Boston  Ftmiidery,  and  insiieetfHl  and  jirovetl 
in  isii.-.. 

Tlut  inei-lianiuil  test.-«  of  the  in«;tal  employed  gate  the  following  I'esnlts: 


!».- 


HtiiiulH  iH'r  MjiiHri-  inch 31, 3i!> 

The  rube  was  maile  of  2".25  oitiled  Ulster  tnl)e-iron;  tlie  jacket  of  coiled 

rister  tnlM-iron  i"XW  by  'A".Xi,  and  its  rear  secti<m  of  a  forging  troni 

strrap  of  the  same  in>n ;  tlie  breeeh-plng  of  gnn-metal. 
The  following  results  wei-e  obtained  by  mechanical  testa  of  the  iron 

iiseil.     The  speeinieiis  of  the  Imr-iron  were  taken  tlx^in  the  bar  and  with 

Ilie  filler. 


< 

! 

1 

1 

0.1B9M 
0.1983S 

Pwncb. 
29,221 

JnM». 

JK^t:s;:P^l2^}<^""'-"^-»"'i-'«' i 

7.  MM 

Tlie  tnl>e  was  made  in  the  usual  manner  in  four  seetions.  The 
Jacket  was  made  in  three  sections,  the  rear  one  from  the  solid  forging. 
\\'heu  prei>are<l  tor  welding,  the  rear  se^ttion  was  22".5  long  and  bored 
to  6";  the  middle  section  31"  long,  and  bored  for  one-half  its  length  to 
«",  tnr  the  other  (the  front)  half  to  9".');  the  fh>ut  section  was  32" 
long  and  bored  to  9" .5.  After  welding,  the  jacket  was  cut  to  a  length 
of  alwitt  (HK',  in  such  manner  as  to  throw  the  Joint  between  the  forged 
and  coiled  sections  at  a  distance  of  49" .25  fl-oui  the  front  of  the  Jacket. 

After  the  tnlie  had  been  I»ore<i  out,  fitted  with  a  breech-eup,  and 
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tnnied  down  to  receive  the  jacket,  and  the  latter  bored  to  a  rtiamrtM 
about  ©".WlTt  less  than  the  corresponding  diameter  of  the  tnbf  and 
TOugh-tumed  to  a  diameter  slightly  in  excess  of  its  greatest  int«lipJ 
dimensions,  Iwtli  were  proved  with  water  (120  ]K>niKls  to  tbe  cinaiv 
inch).  Tbe  jacket  was  left  about  J  inch  shorter  than  the  tut*  »W 
tiinie<l  down  to  receive  it,  to  insure  contact  between  tlie  bane  "f  (Ir 
tube  and  the  corresponding  shoulder  of  the  jacket  when  unilrtl  l« 
shrinking. 

To  prevent  the  jacket  from  turning  upon  the  tube  during  the  oiJrr.ii>« 
of  Kcrewiug  the  two  into  the  threads  prejiared  for  thein  iintir <-J''ii;^ 
two  dowels  were  screwed  into  the  base  of  the  tul»e,  which  ttereiit~i::"l 
to  fit  into  com'sponding  recesses  in  tbe  sliotUder  of  the  jacket.  Tmii 
sure  this  lit,  which  nmst  be  accomiilisbHl  during  the  ojieralM  -i 
Bhrinking,  the  aerew-threads  for  the  dowels  in  the  base  of  the  nil"'  "'■n- 
tapi)cd  throngh  holes,  in  a  steel  templet,  which  was  so  »lia]i«l  "n  '■■ 
two  faces  as  to  fit  fiie  base  of  the  tulie  and  the  fai-e  of  the  sIhuiIiIi-:  •* 
the  jacket.  Tlie  recesses  in  the  jacket  were  then  lM>re<l  thnm-t:  i:* 
same  lioles  in  tbe  winie  templet. 

Tlie  jacket  was  then  shrunk  on  to  the  tnln',  an<I  after  eoolinj:.  'li'  |"' 
waixl  jonit  lietween  the  two  was  found  to  be  closed  to  within  H"''!:" 
inch.  Tbe  joint  was  snbsequently  closi'd  on  tbe  exterior,  liyiii'iiin! 
into  it  metal  from  a  lip  left  for  the  jairi'ow  on  the  tulx". 

Tlie  exteriors  of  the  tnln-  and  jacket  were  then  tnnie«I  todiaim-M-Ji 
nearly  approaching  those  of  the  larger  and  smaller  poi-tionsirfthi-i--* 
iron  body  as  was  coiit]iatible  with  their  insertion  by  meeliauipal  w'^ij 
and  a  screw-thread  was  cut  ui»on  the  l>ase  of  the  jacket  to  ennv-l"-"^ 
to  that  cut  in  tlie  breec-h  of  the  casing.  J 

The  tnl»e  and  jacket,  as  a  whole,  were  then  inserttnl,  forced  tl"»n '' 
the  o-aaing,  and  screwwl  home  into  position  by  means  of  leTiT>.  aft* 
which  the  nuizzle-c«lhir  was  screwed  in  and  the  8te«'l  pin  inseneil. 

Table  No.  1  shows  the  relative  diameters  of  the  tiibe  and  jw'ti'  ^^ 
of  the  bore  of  the  casing. 

INSPECTION. 

CarefiU  inspections  were  made  of  every  detail  incident  to  ibr  "i 
struction,  and  the  gnn,  after  completion,  finally  inspected,  aii*|'i"l  1 
satisfactory',  and  shipped  to  Sandy  Hook  for  pow^der-proof  ' 

PEINCIPAL  DIMBNSIONB. 

Length  of  bore 1»       '■'''' 

Leugthoftnbe 1*       »I^ 

LeiiKth  of  Jacket  OTpr  tnbe C      ■■'}' 

Total  leuKth  of  tlninhed  tube \%.»  '"^ 

lDt«r)oraiitinnt«r  of  jacket liU"  ""^ 

Exterior  (liainrtpr  of  tn)<e  under  jacket l''.'''i  ■■■  ■" 

Biainctcr  of  finished  tube  fh>ni  itcreir-thTeBd  to  Arnt  shoulder li'l-  i'''?' 

CorrcHpondiiig  diameter  nf  bore  of  caaiuE 11*11  ;!■» 

Diameter  of  fiiiiBbe^l  tube  from  fint  BbonldeT  to  second  Hhoul<)«r 11^  '^ll 

CorreapondiuK  diameter  of  bore  of  casins ....  11*^  ■■''!• 

Diameter  of  flninlied  tube  from  t>ecuitd  Hhonlder  to  thinl  iibouldor Il-(^  ""H 

CorreniHmdiUK  diameter  of  Ihut  nfeaiiin)! 11.*"  'J 

Diameter  of  tiuiHlied  tiilm  from  third  nhoulder  to  neck WW  ■"  1 

CorrntiKindiuit  dlametrr  of  boroof  cHdinfc I'ltf"  '■  ' 

Niinilicrof  Uudti  ami  groortns !'• 

Wiilth  of  InudHnnd  prooveB o.\V:--    i 

De]>th  of  fpnovfn -1^'     "' 

TwiHt  unifonu,  one  tnni  in  40  ft>et. 

Wei|[ht  of  Knn Ifi.'tf'1"  "j 

Couut«i>prt'iioudeTniice H';-' 
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pNstKITTION  REPOKT  of  an  8-INCI[  breech -loading  RIFLK,  fON- 
IKltTKIl  FROM  A  10-IJJCH  RODMAN  SMO(yr>f-B()RE  BY  LISIXG  WTfH  A 
■TKKWACKETEO,  COILED,  WKOrUHT-IRON  TUBE,  INSKRTED  FROM  THE 
IKKKfU.  JAOKLT  OF  THE  TUBE  BEING  PROLONGED  TO  THE  REAR  AND 
iLAlTED  FOR  KECEPnON  OF  THE  ROUND  WEDGE  FERMETURE. 

(Five  platt's.) 

PBELI31INABY   BBMA&K8. 

riie  ISoanl  on  Hea\-j'  Hifled  Onlnaiiee  iustitutetl  by  the  War  Depart- 
nt  iiiulertlie  act  of  Congress  of  June  G,  1872,  for  the  selectioii  of 
wli-Ioatliiig  aiitl  uiuzzle-loadiitg  rilled  oixliiajiee  for  ex])eriuieiitii  and 
U,  in  subiiiittiiig  its  recomtneiidatiotis,  deniguated,  among  otherH,  a 
ujij)  I )re«rh -loading  HjHteni  for  proeiirenient  by  tlie  United  States, 
tin;;  it,  among  breevli-loadem,  liittt  on  the  lt»t  in  onler  of  merit, 
'lit-  i-ecMUiuiendationtt  of  the  boaiil  veve  only  carrietl  out  at  tlie  time, 
jir  as  bre4>ch-lomllng  ginw  were  i'oncerne<l,  by  the  fabrication  of  tbe 
>itii>s(tu  and  Sutclific  rifles,  wliieli  latter  now  await  tlie  appropriation 
aiii\s  by  Congress  tor  the  pi-oaeention  of  exi>erinieatB  with  tbeni. 
Im-  test  of  a  system  enilHHlying  the  round-wedge  fenneture  (Krupp 
it-ni)  us  a  breech  mechanism,  was  delayed  at  the  time  (other  systems 
iijT  prwoilence),  and  the  department  was  only  able,  during  the  last 
r.  to  uiitU>rtake  and  cause  to  be  fubiicatetl  as  a  con^ei'sinn,  iin  8-indi 
f-li-lfHuliiig  rifle  (with  nnind-wedge  feruieture)^  by  the  altemtiou  of  a 
kIi  smooth-bore,  an<l  thus  pi-actit-ally  eaiTy  into  ett'ect  the  recom- 
diitiou  of  the  Boaixl  on  Heavy  Oixlnanee  of  1872,  looking  to  the  test 
1  s,\Eiteiii  of  breech -loading  reganletl  by  it  as  promising  suiierioc 
Its  to  ull  othei-H  j>re8ented  for  its  consi<leratiou  and  action, 
le  ilettiilH  of  the  breech  mechanism  l>eiug  well  known,  the  main 
titni  was  to  de\Tse  a  system  of  gim  construction,  involving  the  util- 
»n  of  a  cast-ii-on  gnu  and  combining  with  it  a  steel  breech-piece  in- 
tl  at  tlie  reHFj  furnishing  a  strong  and  pi-o^ter  support  for  the  breech- 
i,  and  providing  an  apertiu^  to  receive  and  work  in  it  the  latter. 
(■  loii^ttuiinal  weakness  (for  want  of  metal)  which  woidd  evi- 
ly  iittaiu  if  we  attempted  to  form  au  aperture  in  the  breech  of  a 
iron  gun  to  receive  the  breech  fermetm-e ;  also  the  inherent  weak- 
of  vast  iron  to  stand  the  stmiiis  and  jar  of  firings ;  also  the  mate- 
«lioi-teiiiiig  of  the  bore  which  would  result,  conclusively  led,  with 
'  coii»i<lerations  iu  the  planniug  of  this  couveruion,  to  the  use  of 
fl  breech-piece  extending  begoiid  and  to  the  rear  of  the  cast-iron  body, 
lent  to  receive  and  icork  in  it  a  \ceU-i>roportioned  and  anciently  strong 
■tiire. 

(•  irii{M>rtaut  question  of  solidly  uniting  the  steel  receiver  of  the 
■tare  with  the  cast-iron  body,  received  attentive  consideration.  It 
It-ciilttl  tliat  a  screw-thread  of  the  same  form,  pitch,  and  dimensions 
lit  employed  iu  the  c^se  of  tlie  8-iuch  miizzle-loa<ler  breech  iusertion 
1  (liotli  &'Oiu  our  cah;ulations  and  the  successful  results  attained 
the  latter  Km>)  give  all  the  solidity  and  strength  that  could  jiossi- 
I-  liroii^^^  "*^*'  reipiisition  iusenice. 

insure  no  l>o8sibility  of  the  cast  iron  rupturing  ^xini  tlie  lougitii- 
>lniiii«,  the  screw-threail,  it  was  dctenninwl,  should  l»e  placed  uiioa 


.;.oogic 


3.^8  BEPOBT  OV   THE  CHIEF  OF  OEDNANCE. 

the  front  part  or  jaoket  [(ortioii  of  the  breech-recei\-er.  This  exteusiou 
not  only  afforils  a  plaee  tor  the  thread,  but  also  gives  additional  tangen- 
tial streiigtii  to  the  system  by  siipiwrting  the  wrought  iron  wiled-tiibe 
foniiing  tiie  interior  lining  of  the  gim.  Tlic  tuIie  is  fiirther  taiigeu- 
tially  supiKirted  by  that  iwi-timi  of  the  breeeh-receiver  rearward  of  tlie 
jacket  portion  which  linds  ])hu-fi  in  the  cMst-irou  body,  and  extends  far 
enough  into  the  bi-eceh  to  nearly  or  quite  envelop  the  charge-chambei- 
and  seat  of  the  shot ;  tlius  atfonling  a  strength  uiore  than  ttdeqaate  to 
resist  tlie  givat  strains  which  innst  be  sustaiiie<l  by  this  jiortion  of  the 
gun.  The  eiilargeineiits  (reanvai-d  »{  Jacket  i>ortion)  in  diameters  of  the 
bi-eech -receiver  piece  also  provide  sufHcieiit  metal  to  resist  the  longitu- 
dinal and  jarring  straiiiH  to  which  the  prutniding  walls  of  the  breech- 
pieee  are  subjecteil  at  the  jHtint  wliere  it  protnules  from  the  cast-iron 
body.  Tlie  iirotruding  jMrtion,  it  will  l>c  seen,  is  so  «limeusione<l  as  to 
acconmiodate  the  fenneture,  and  have  all  the  requisite  strength  for  its 
ftinctions. 

Tlie  Imre  tulH*,  it  was  decided,  slionld  Iw  made  of  coileil  wrought  iron 
on  ac<r<niiit  of  the  decidwl  suec^'ss  heretofore  attainefl  by  «« in  liiiiug  giuis 
witli  coiled  tubes  (•onstnictcHl  of  this  metal. 

Tlie  tube  is  shouldei-ed  to  ])«'vent  any  forwanl  movement  of  the  tulH-. 
either  fW)ni  the  pressure  developeil  at  the  seat  of  the  gas-ehevk,  or  tlie 
strains  i-eaulting  Ironi  the  tlinist  of  the  pnijectiU"  devel()i>e«l  by  the  fric- 
tion lietween  tlie  walls  of  the  gini  and  the  siiot  in  firing. 

A  steel  bau(i  it  was  deenieil  a^lvisable  should  l>e  shniiik  on  to  the  cast- 
iron  iMxly  at  its  breech  end,  to  give  additional  tangential  streiith  to  the 
system,  and  also  to  give  a  Iietter  finish  and  ai>i>carance  to  the  gan. 

SUMMAKY, 

In  tbi«  eonstruetion,  the  question  of  the  strength  of  the  system  to 
withstand  the  diiS'rcut  strains  which  it  will  be  8ubjecte<l  to  in  sennce. 
it  is  thought,  ha«  been  flilly  met.  The  coiled  wrought  iron  as  an  interior 
lining  tube  secures  all  the  sti'ength  and  extensibility  requisite  to  with- 
stand the  tangential  strains  develoiHHl  at  the  snrfoce  of  the  Iwre,  using 
the  heaviest  battering  charges  for  the  calilKT  employed,  and  flie  dura- 
bility of  the  surface  of  the  Imre  and  the  rilling — using  expaudhig 
systems  of  pi-ojectile — have  been  fully  proved.  The  disabilities  likely 
to  arise  from  defective  coiletl  welds  are  also  fully  met  by  shouldering  the 
tul>e. 

Tlie  us(!  of  a  steel  breech-picee  sccnivs  all  the  neceasarj-  streugtJi, 
in  pi"oviding  for  the  reception  and  working  of  a  jiraeticai  and 
thoroughly  digestetl  and  tested  system  of  hrew-li  machanism,  aud.al«> 
essentailly  and  materially  adds  hy  its  extension  into  the  Vwsly  of  the 
cast  iron — enveloping  the  wrmigbt-iron  tulie  beyond  thespai^'ofilanger- 
ons  pit'ssm-es — to  the  tangential  strength  of  tlie  system,  Tlie  cast-iron 
body  playing  a  secondary  part,  as  its  inferior  stu-ngth  <1emands.  linds  its 
interior  snri'acea  so  place<l  or  distanced  with  w^ference  t<i  the  strains  de- 
veloiHKl  at  and  along  the  boi-e  as  to  Ik' far  within  their  caiMicities  for 
endurance,  ami  its  tliickness  of  walls  gives  all  the  necessary"  adihtional 
strength  reqiurecl  to  complete  the  syst(;m  of  constnu-tion,  save,  iwrhaiis, 
the  reinforce  aftbnled  by  the  steel  band  at  the  seat  of  the  charge. 

The  utilization  of  east-iron,  it  is  lielieveil,  will  materially  iliminish  tin' 
exiH-ns*^  of  breech-loading  eaiinon  of  heavy  oaliliers,  using  tlie  ntund 
wedge  fermetiu'ej  now  so  costly  in  their  fabrication,  and  will  enable  us  to 
secure,  and  witliin  the  nieehaiiical  i-esources  of  onr  ow^l  conntrj",  desim- 
ble  and  necessary  brceeh-loading  armaments  of  all  desirable  calibers,  for 
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otiT  coast  defenses  at  moderate  outlays,  and  ha\ing  all  the  esBeutial 
featiims  of  durability  and  strength  found  in  tJie  more  expensive  system 
of  tlie  same  kind  now  used  by  most  of  tlie  {irincipal  (continentiil)  powers 
of  Europe. 

A  full  and  special  description  of  the  gun,  as  actually  made,  will  be 
found  einl>odied  below  in  this  report. 

UESCEIPTION. 

Plate  I,  Fig.  2,  C  is  the  cast-iron  casing,  which  consists  of  a  10-inch 
Uodmaii  smooth-bore  gun,  cnt  oft'  at  the  breech  to  a  length  of  123.35 
iuche»,  and  bored  up  to  the  requisite  diameters  to  receive  the  tube  A 
with  its  jacket  B,  wbicli  is  inserted  at  the  breecli. 

Tlie  tube  is  mode  of  coiled  wrought  iron  and  is  of  equal  length  with 
the  casing.  It  is  re-enforced  at  t£e  breech  end  for  a  distance  of  40 
inches  by  a  steel  jacket,  winch  is  united  with  it  by  shrinkage.  The 
breech  of  the  jacket  is  prolongeil  24  inches  to  the  rear  of  the  casing  and 
tube,  and  is  fitted  tor  the  reception  of  the  mechanism  of  the  breech 
fermeture. 

Tlie  united  jacket  and  tube  are  inserted  in  the  casing  with  a  shrink- 
age of  0.006  inch  over  the  jacket,  while  the  tube  in  front  has  a  play  of 
about  the  sivme  amount.  They  are  held  in  position  by  the  thread  a  a 
and  the  muzzle-collar  b,  also  the  shoulder  c  c. 

The  breech  of  the  casing  is  re-enforced  by  the  steel  breech-band  D, 
which  is  put  on  under  a  shrinkage  of  0".03  and  securetl  by  the  pin  h. 

Tlie  breech  mechanism  works  in  a  slot  cut  in  the  prolongation  of  the 
steel  jacket  to  the  rear  of  the  casing  and  tube,  and  is,  in  all  its  essen- 
tial features,  the  same  as  that  used  in  the  Knipp  breech-loading  guns 
of  heavy  caliber. 

The  steel  bree<;h-blo<;k  £  is  constructed  on  the  sUding  wedge  system, 
and  in  c.yliudro-prisinatic  in  form.  Tlie  front  face  of  the  block  is  per- 
iwudicular  to  the  axis  of  the  bore,  while  the  rear  or  cylindrical  iiortion 
is  inclined  l'^  15'.  The  movement  is  regulated  by  the  two  guides  g  g 
in  the  slot,  which  work  ui  corresponding  grooves  in  the  block,  and  are 
constructed  itarallel  to  tlie  axis  of  its  cyliiidrical  portion. 

The  front  of  the  block  is  hollowed  out  for  the  reception  of  a  hardene<l 
disk  V,  called  the  obturator-plate.  This  plate,  when  the  breech  is  closed, 
abuts  against  the  gas-check//,  which  consists  of  a  Bi-oadwell  ring  in- 
serted in  a  recess  at  the  rear  of  the  tube. 

I'late  II. — ^Tlie  breech-blo<;k  is  fitted  to  receive  the  diflereiit  pieces  of 
mwhanisin  i-e<iiured  for  working  it.  Tliese  consist  of  the  lockiiig-i>late 
rt.  the  translating  screw  b,  and  the  looking-screw  c,  with  its  nut  rf.  The 
locking-plate  is  attached  by  screws  to  the  left  side  of  the  breech-block. 
The  translating  screw  is  hK-atcd  in  a  longitudinal  groove  in  the  ui>i>er 
.turface  of  the  block,  and  is  secured  in  position  by  bearings  at  each  end. 
it  works  in  the  half  nut  e  which  is  attached  to  the  breecli-receiver  by  a 

Si-IVW. 

The  lotrkiiig-screw  and  its  nut  are  hK-ated  in  a  cylindrical  recess  at  the 
i-ear  uf  tiie  bhx^k  and  next  to  the  locking -plate.  The  neck  of  the  screw 
[tasses  through  and  tiuiis  in  a  liole  in  the  locking-plate,  and  tlie  opjiosite 
fiid  ill  a  recess  ui  the  1iree<-h-blm-k.  The  nut  is  nia^le  about  one-half  an 
incli  shorter  than  the  recess,  which  allows  it  a  motion  of  translation 
along  the  screw  tor  that  distance.  At  the  end  of  the  nut  next  to  the 
locking-plate  is  atta<-hed  a  stnd,  which  limits  itA  rotar>'  motion  with  the 
screw  to  one-third  of  a  turn.  On  the  exterior  surface  of  the  nut  are  foui- 
rings  or  cireular  threads ;  the  one  next  to  the  loi-kiiig-plate  is  complete, 
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while  the  others  are  partially  sheared  off.  Wheu  the  breecU  is  iiwrly 
c'loHed  the  sheared  threads  luck  iuto  the  iudeiit^ttions  ggg,  a)i<l  tk-  nun 
plettiune  euters-tlie  recess/.  In  withdraniiig  the  block  the  slitvmi 
portion  of  the  nut  is  broii);ht  to  the  reav. 

The  two  screws  are  worked  in  timi  by  the  lever-wreneh  (.'. 

To  close  the  breech,  the  wrench  is  placed  iiiwn  the  head  of  flie  irju-^ 
hitiug-ficrew  and  the  block  niu  in  nntil  the  nnciit  thread  of  the  Imbiii: 
uut  conies  to  a  bearing  in  its  recess,  and  brings  the  movement  t<iit''ti','. 
Tlie  wrench  is  then  ahifted  to  the  locking-screw ;  for  one-thinl  uf  a  nut. 
the  screw  and  nut  tnrii  together,  and  the  partially-uhearetl  threwUDf  ili'  , 
nut  lock  iuto  their  oorres]>onding  reeeases  on  the  breech -retvivvr.  Tiir  I 
movement  of  thennt  is  then  stopiied  by  it»  atml,  while  tliemoveuwui-'l' 
the  screw  eonthmes,  and  by  bringing  the  threwls  of  the  nntinaiinu 
Iwaring  on  the  faces  of  their  recesses  on  the  bi-eeeh-receiver  fiinr*  tlic 
block  iuto  the  slot  nntil  it  is  flruily  wedged,  aud  the  bree«rh  tLnx  iiJii  i 
olo8e<l, 

To  open  the  breeeh  the  locking-Hcrew  is  tiinie^l  in  the  oitpowli- ilii"' 
tion,  and  by  carrying  the  nut  with  it  for  oue-tliii-d  of  a  turn  tlw muh-I 
iDg  is  effected.  The  nnt  is  brought  to  a  stop  by  the  stud,  as  I»l'wv.;iir 
iiucnt  thread  comes  to  a  bearing  agahist  the  &ce  of  its  recess,  ami  il'i 
block  is  diawn  out  until  the  nut  Is  iviiehed  by  the  end  of  the  srxv'-  Tlif 
reuniinder  of  the  movement  is  thi'U  effectetl  by  the  translating-)M'n-«. 

The  outward  movement  of  the  block  is  limited  bv  the  chain  i  It*'- 
l,Fig.3). 

I'late  III  shows  side  elevation  of  gmi  (bi-eech  closed  ready  for  tiricit 
and  plan  of  gnu  (hi'eech  open  ready  for  loading}. 

UlFLma,  CUAMBUBIKG,  AKD  VEKTIXG. 

.  The  gnu  is  rilled  with  fifteen  landit  and  groove^^  eaeh,  of  miiuiI  vlth 
The  lantU  are  coiniected  with  the  chamlwr  by  a  bevel  l"Ji  m  Imj-tli. 

Di'litli  »f  rifling ll.C'i 

Width  "f  InmlB  anil  (truoves , ll,•(I^^  ■ 

Twial  uiiil'onn,  one  tnrti  in  40  feet. 

The  chamber  is  22  inclies  in  length,  and  equal  in  diameter  t«  tin-  '■'"! 
across  the  grooves.  It  hafi  a  capacity  for  a  maximiun  ehar^.T  i>t  -^ 
pounds  of  powder. 

The  vent  is  loeate<l  in  the  breech-block,  in  such  a  ]K>8itiou  as  if '"  '■* 
the  axis  of  the  bore  when  the  breech  is  closed. 

PABBICATION. 

The  work  of  conversion  was  performed  at  the  South  Boston  Finwl' "' 
The  gun  selected  for  the  casing  was  a  lU-uich  Bodman  smooth  lion-  i."4 
No.  11,  made  at  the  same  foundery,  and  ius]>ei;ted  and  provetl  in  !'*)>- 

The  density  and  tenacity  of  the  metal  were  as  follows : 

Ti-iimi'ty si.ai';-"  -I 

The  wTought-iron  tube  was  niauufactureil  at  the  "West  Point  Fonwii 
from  Ulster  tube-iron,  A"  by  3".;)5,  It  was  made  in  tour  ttm-tions.  » !■ 
were  bntt-weided  together  by  the  pixteesa  usually  employe*!  ai  i' 
tbundery,  then  bore-d  to  8",  turned  to  an  exterior  diameter,  sliplitb 
excess  of  that  required,  and  subjected  to  a  water-t«8t  of  1  JO  \u)U}f'-*  '■ 
the  s<)uare  inch. 
Sl)ccimens  of  the  iron  used  were  tested  with  the  tbUowing  tustAh 

Deusity TJ8£*< 

Tcuacity Ip.tiii']-'-  '\ 


EEPORT   OF   TlIS   CHIEF   OF    ORDNANCE.  361 

Tlic  jacket,  breccli-block,  and  lii-eech-baud  were  inaiiiifactur»l  at  the 
\v<»rk«  of  Sir  Joseuli  ^Vliitwortli  &  Co.,  at  Maiiehestor,  Hii^laiid,  and  are 
iiiiMle  of  "fluid  i-oiupressed  ateoL" 

TbiK  metal  is  subjeftt'd,  wbile  in  a  li(jiiid  state,  to  n  lieavy  pre«sniv,  for 
the  ))iiriK>se  of  ex)>elliiig  air-biibbles,  and  in  attei'^vanlK  rebeatinl  and 
biuiiiiiei'etl  to  seinim  nnitonnity  and  regidarity  of  strnetui'e.  Tlioriingh 
tvntii  of  the  physif^al  iin>])erti<!s  of  this  inetjil  were  unidc  from  HjK-(-iiuenD 
>^u|>ldied  fiiim  Whitwortb's  wurkn,  togctlicr  with  otliers  taken  tioiu  the 
jacket.    The  results  »re  Ki^'en  i"  tlie  record  heit'to  apiiendetl. 

SiMK-imeiiB  taken  fmm  tlie  jacket  were  tested  for  density  and  tenacity, 
with  the  following  results : 


To  prepare  tlie  casing  for  the  reception  of  tlie  tube  and  jacket,  it  was 
lK>red  up  to  11  inches,  recessed  fur  the  mnzzlecollar,  and  cnt  off'  at  the 
brt'e<'Ii  to  tlie  re4inire<l  length.  It  was  then  coimtei- bored  from  the  breech 
to  the  following  diameters,  viz:  for  .">fi  inches  to  V2  inches;  lor  40 "inches 
to  16  inches;  for  IH  inches  to  l(i,8!i5  inches;  for  13,5  inches  to  20  inches; 
for  3.5  inches  to  22  inches. 

Tlip  end  of  each  cojintor -bore  was  rounded  off  to  form  a  suitable 
shoulder,  and  a  thread  for  the  jacket,  0.1  inch  de])th,  \ras  cut  npiiii  tko 
liS-iueli  diameter.  The  exterior  was  tlien  turned  ilown  at  the  breech  ibr 
putting  on  the  steel  breet;h-band. 

Tlie  interior  of  the  jacket  was  bored  up  to  tlie  required  diameters,  and 
tlie  slot  for  the  breech  niecbanisin  drille<l  out  and  finished  by  lK)iing  and 
planing.  TlietulH',niennwhile,waschamliere<l,rifle<l,i'ecessed  for  the  gas- 
check,  and  the  exterior  turned  do«^l  at  the  breech  end  to  an  average  dlani- 
eterO".0a3  in  excess  of  that  of  the  interior  of  the  jacket.  T!ie  ja<(ket  and 
tulte  were  then  shnink  together  by  heating  up  the  jacket  until  tlie  inte- 
rior was  snfficioiitly  expanded  to  receive  the  tube,  which  was  lowered  in 
by  means  of  a  crane, 

Tlie  exterior  of  the  jacketed  tube  was  next  turned  down  to  the  diame- 
ters given  in  table  JTo.  2. 

Ill  order  to  provide  for  the  longitudinal  axpansion  of  the  casing,  which 
would  take  iilace  in  heating  it  ui>  for  the  insertion  of  the  jacketeil  tube, 
the  shoulders  uiioii  the  jacket  were  flnislietl  so  as  to  allow  a  clearance 
large  enough  to  obviate  any  danger  of  contact  with  the  casing  before  a 
l>earing  was  effectetl  at  the  shoulder  on  the  wronght-iron  tube.  The 
screw-thread  was  turned  with  a  clearance  of  0".O2  on  the  outer  surface, 
and  0".12  on  the  surface  opiMwite  the  one  of  contact  with  the  casing. 

The  breech-block,  with  its  attachments,  was  flnisbed  in  the  mean  time, 
and  fltte^l  into  the  slot  prejiared  for  its  reception. 

The  bree<-li-band  wan  bored,  turned,  and  made  ready  for  shrinking  on 
to  the  casing. 

INSEETION  OF  THE  TtJBE,  ETC. 

Tlie  casing,  jacketed  tulie,  and  breech-baud,  being  ready  for  nniting 
by  shrinkage,  one  of  the  pits  uBe«l  in  tlie  casting  of  heavy  guns  was  ar- 
ranged for  heating  the  casing  by  placing  four  furnaces,  with  a  cajtacity 
of  about  400  jiouuds  of  coal  eacli,  at  ecpial  intenals  around  the  wall. 
These  furnaces  rested  on  cast-iron  pillars,  which  raised  them  abont  four 
teet  from  the  bottom. 
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Two  Alien  were  pro\ide<l  for  fumisliiiig  air  to  the  furnaces,  one  ou 
eitliiT  Hide  of  the  pit,  with  branches  at  the  bottom  so  that  the  air  could 
be  delivered  directly  niider  the  fnriiace-grates,  while  near  the  top  of  the 
pit  an  openiii};  was  niatle  iind  coniiecte<l  with  a  chimney  and  a  dam|>er 
inserted  in  the  ojieniiig,  by  means  of  which  tlie  draught  could  be  regu- 
lated. 

To  form  a  siipiwrt  for  the  casing,  two  sections  of  gim-9ask  were  placed 
one  aljove  the  other  in  tlie  center  of  the  pit,  and  the  upi)er  one  covered 
with  a  thick  cast-iron  plate;  u\khi  this  i)late,  a  hollow  cast-iron  cylinder 
of  suitable  dimensions  was  placed  to  form  a  rest  for  the  muzzle  of  the 
0  isiiig.  The  easing  was  placed  breech  upward  in  the  pit-,  the  muzzle 
resting  on  the  cylinder,  and  was  securely  braced  at  the  trunnionB. 

In  tliiij  position,  the  breecli  of  the  easing  was  almost  flush  with  the 
top  of  the  pit,  which  was  covered  with  a  large  plate  of  boiler-trou.  lii 
the  center  of  this  plate  was  a  circular  hole  for  tlie  iusertion  of  the  tube. 

A  moderate  fire  was  kindled  in  the  fumaees  about  48  hours  before  the 
contemplate*!  time  of  iiiBertion,  for  the  puri>ose  of  ilryiug  the  i)it,  which 
had  become  quite  damp  from  long  disuse.  About  40  hours  after  kind- 
ling, the  flres  were  replenished  to  the  full  capacity  of  the  furnaces. 

Tlie  jacketed  tube,  meanwhile,  was  prepared  for  iusertion.  Water- 
cajis  were  fitted  into  both  ends  of  the  wrought-iron  tube.  The  oue  in- 
serted at  the  breech  was  iirorided  with  iulet  and  outlet  pipes  for  attaeh- 
iiig  hose,  for  the  purtxtse  of  tiurning  on  a  einrent  of  cold  water  iu  case 
that  a  withilrawal  should  bec«me  necessary.  A  cast-iron  "spider,"  or 
ring  with  handspike-sockets  ou  the  exterior,  was  secured  to  the  breech 
of  the  jacket,  for  screwing  it  into  tlic  easing. 

Tlie  temiierature  of  the  casing  was  taken  at  various  internals  and  the 
diameter  of  its  bore  measured.  About  half  an  hour  lK>fore  the  insertion 
was  attempted,  the  temperature  was  found  to  be  033°,  while  the  maxi- 
mum diameter  of  the  bore  had  iucreased  fix>m  ^2.<>05  inches  to  2:2.09 
inches.  The  length  of  the  casing  from  the  breech  to  tlie  forward 
shoulder  ui  the  bore  was  found  at  the  sume  time  to  have  increased  fioui 
S5.98  inches  to  56.22  inches. 

The  diametrical  expansion  of  the  casing  now  being  considered  sufficient 
to  efl'ect  the  insertion  of  the  tube,  the  latter,  filled  with  cold  water,  was 
lowered  by  a  crane  into  the  bore  of  the  casing  until  the  threads  came  in 
contact.  Handspikes  were  then  placed  in  the  sockets  of  the  "spider" 
and  the  tulie  rapidly  8crewe<l  home.  The  entire  operation  of  insertion 
vran  accomplish^  without  diliicnlty  and  occupied  onlj'  ei^ht  minuter 

The  covers  were  now  removed  from  the  pit,  the  fires  in  the  fumacew 
extinguished,  and  a  stream  of  water  was  turned  ui>on  the  gun  to  hasten 
the  cooling.  When  it  had  returned  to  nearly  its  normal  temperature, 
the  bifcch-band  was  inclosed  in  a  sheet-ii'on  cylinder,  and  heated  by  a 
woo<I  fire  until  its  diameter  had  increased  about  0.0G  inch.  It  was  thcu 
raised  with  a  crane  by  means  of  books  which  cla8i»e<l  its  forwnnl  end. 
swung  i-ouiid  until  directly  over  the  gun,  and  lowered  to  its  place  uiion 
the  lu-eech  of  the  casing.  It  was  tiieu  ciioled  by  a  streiun  of  water,  and 
a  hole  wa«  bored  for  the  securing-piii,  which  was  inserted  in  its  place. 

Tlie  gmi  was  then  remov<^d  from  the  pit,  the  muzzle-collar  was  fitte<l 
and  sirrewed  home,  and  the  muzzle  faeeil  and  finished  in  a  lathe. 

This  substantially  completed  the  fabrication  of  the  gun. 

INSPECTION. 
The  workmanship  and  finish  of  the  gim  were  good  in  every  resiwct. 
PRINCIPAL  DIMENSIONS. 
CBMiiig  .'.".'.".".'.'.".'.".".'.'.".".".'.' .".".V.".".'.".'".'.',' 183.85 
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LeUKtli  nf  wroiigbl-iron  tube 133.3&  inches. 

Length  of  HtePl  Jacket - '  61  iucliea. 

Leugth  nf  bre«i: ti-baiiil 15  iiicbeH. 

E.,.ri.,di.,u.,„.fi,„,.h.b.Mj £=::::::::::-.:::::::::  S  SS 

lnt«rior  diameter  of  bteecli-baud 30.97  ini'lien. 

Bsti-riur  <l)aiiii't«r  of  cnsiug  under  breecb-band 3ll.y9  incbeti. 

LeiiKtb  of  neck  of  tube 5.50  inrhes. 

IiCiigtli  of  tuuxule-collar 5,50  iiiobes. 

Uiuiuett^r  of  ne«k  of  tulie 9.94  inchrs. 

luterior  dituneter  for  niuzric-colliir 9.948  inches. 

Length  of  recow  for  mu«aile-collar 0  inches. 

DiaiQuti-T  of  recess  formiuszle-collar 1L7K  inches. 

Dianietf^rofunzzle-collarocroM  threads 11.75S  Inches. 

LcDKth  of  lided  iMitinu  of  bore,  including  bevel 10L25  inclies. 

Leiigth  of  chamber 22  inches. 

DiaiutftiTof  bore  across  lands ROO  inches. 

Diameter  uf  chamber a.l5  inches. 

Width  of  Iftiiils 0.83776  inch. 

Width  of  jjrooves 0.83776  inch. 

Depth  of  rifling , 0.075  inch. 

Twist  of  rifling,  one  ton)  in 40  feet. 

Length  of  hreech-Hoi'k ■ 23.5  feet. 

Width  of  breech-blwk 10  feet. 

ThickiicHH  through  center 13.5  feet. 

Widlhof  slot  for  breei-h-hlock 10.05  feet. 

Lengtli  of  tiansIating-Hciew 25.5  feet. 

Diameter  of  translatmg-Bvren' acruHS  threads  1.5  feet- 
Length  of  locking-wrew 10.7  feet. 

Diaint-lcr  across  ttin'Hds 2.75  feet. 

Lenirtb  of  locking-nnt 5.75  feet. 

Diameter  Hcniss  uncnt  thread 5.75  feet. 

Weight  of  gim 17,075  pounds. 

PreiKinderance 420  pounds. 

Tlie  giin,  when  fiiiishetl,  was  scut  to  the  proviug-gronnd  at  Saudy 
Hook,  y.  J.,  for  trial. 
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APPENDIX  R4. 


(Two  platen.) 

Tlic  carriaRp  altered  from  a  10-incli  barbotto  carriage  possesses  tlie 
waiiie  general  tVatim'H  in  its  iiioclification  as  carriuge  No.  .*(,  descriljed  in 
tlie  Keiwrt  of  the  Chief  of  Onlnaiu-e  for  1877. 

The  same  a])paratii8  for  elevating  and  depressing,  consisting  of  toothed 
iu'e.s  atta<-lie<l  to  the  gun  and  worked  1)\  pinions,  in  ti»ed ;  and  &  liydraulic 
Iniffer  Miniilarly  attached  l)etweeii  the  ciiassJK-raiLs  i-liecks  the  recoil. 
Tfie  railK  are  also  providwl  with  inclines  or  weilges  and  nibber  liurten* 
and  connter  hnrters ;  but  it  difi'ei-s  ft-oin  caniage  Xo.  3  in  the  fact  that 
no  aide  cutclieH  aie  used  to  Hecnre  tlie  gini  "from  battery"  after  recoil, 
conitetiuently  the  gnu  alter  firing  i-etiirns  nnaided  "hito  battery,"  its 
]t<>.sition  as  a  bi-eecli-loatler  for  loading. 

In  other  iwrticnlars  the  carriage  differs  froni  caniage  No.  3  only  in 
the  following  alteration,  which  ha^  l>e4'n  a]>]die<l  to  the  front  or  pintle-  " 
tnniKoni. 

Tlie  ordinary  Iiolstei-s  with  the  eccentric  axle  are  replaced  by  two 
wroiight-iron  forks  attachetl  to  and  Iteneatli  the  front  of  each  chasais-rail, 
and  to  which  is  l>olte«l  the  pintle-plate  (Plate  2). 

Each  fork  is  made  in  t^vo  sections,  one  boltefl  to  the  inside  and  the 
other  to  the  outride  of  the  chassis-rail,  and  carries  at  the  Itottom  a  steel 
roller  wliich  ivsts  ni>on  the  pintle  bed-iilate  ttu'oiigh  a  slot  cut  in  the 
pintle-plate  itself. 

In  the  original  carriage  it  was  necessary  to  throw  the  chassis  "in"  and 
"ont  of  gear"  during  the  operation  of  "pointing,"  in  onler  to  secure 
rolling-friction  to  tlieiiyatem  while  traversing,  aud  again  sliding-frlctioa 
when  the  piece  was  fired.  This  proved  to  be  a  serious  imperfection,  which 
th«  alteration  described  waa  desi^wl  to  correct.  It  was  first  applied 
to  ouTiage  Jfo.  3  (Report  of  the  Chief  of  Ordnance,  18J7),  and  thoroughly 
tested  diuing  the  proof  of  8-incb  converted  rifle  No.  1,  breech-insertion, 
and  S-inch  converted  rifle  No.  5.  Under  all  circumstances  the  carriage 
was  easily  and  quickly  traversed,  and  though  vaiious  angles  from  1  j^ 
depression  to  10°  elevation  were  nsed  dining  the  firings,  the  forks  and 
rollers  were  unu^nre<l  by  the  shock. 
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RECORD  OF  PRELIMINARY  TESTS  OF  WHITWORTH'S  FLUID- 
OOMl'RESSED  STEEL. 

Appendix  I. 

8-INCH  BREECH-LOADING  RIFLE. 
Mean  mechaiiiMl  properllt*  of  jr kitwortk'i  Jliiid  amiprfMed  ftrrl. 


I>eii»lly 

TnmcilT 

EllMtlc  limit  nndrr  pnlUne  ■tnw 

UlIlaiBtn  rMiitanro  la  nntliBfrMtTiM. . 

Kxti'DHkni  jHT  hii:h  at  rloKtlr  Unit 

ntimatr  eiti-iwlou  pur  liii-h 

rilln*t*  rcHturntlDn  imt  iiicli 

iniimalf-  priiiiaiinkt  m^I  \wt  Inrh 

'Elantlc  limit  UBilprthnii>tliiKMt«iu  .. 

Swi'lmrn  brfiii  tn  buail  at 

CnmprpHntfiu  prr  Inch  at  elNpfic  lluill  - 
Coin[>Teiii<liiii  prr  tmli  Hi  M^OOU  poiuitU 


,(«B«U1..K 

"1,W  Inch. 


m  vt-r  Iwh  at 


Pormnnmt  net  pprlnrii  at  M.MM  ptnindii... 


Spkcimkn  E,  No,  1. 


Tabtf  ahOH'liig  tie  erlnriOH,  rrftoraliou,  and  prraaaeiil  net  eaaned  bg  the  KaJtrmtlioiiri 
tceighli'  tier  tqunre  inrh  0/  nfetien,  acliug  npou  a  no'iif  eglindrr.  10  iurhr'  long  (Mrrm 
thoulder')  and  0".GG2  in  diamrter,  lakeujrom  a»amplr.bar  of  Jluid-eoHiprr'aetl»lfel  6  indiri 
HQHare  bg  22  t'urini  long,  /arn'uihed  bif  flir  Jonepk  Wkilirorlk't  Steet  ITurln,  Matcifler, 
England. 
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SpfdMla  E,  Xo.  I — ContiutlHl. 


It 


ft 

lit 


! 00112 


.oioss 


.IHII2& 

!  00130 


.  OllffS 

io^iiT 


.06573 
.tKS2 

!  11132 
.  Ill 12 

Sp«v]mei]  bi«l». 


.00425 

t-oooss 


Specific  KTftrity 7.8556 

ntiniate  otrcn^^h  pernqnare  inch (*6,000  poiiii<lH. 

EloHtir  limit 40,000  imiii mix. 

Kitpnitioii  per  inch  at  rnntitre (1.17018  inrh. 

Kxtcmioii  at  eliuttic  limit 0.00148  im'h. 

Hnnlncm 16.a» 

KpiiiiPtion  iu  diBmetor  at  iioint  of  nipture 0.163     incli. 

<>ri|^iial  area  of  crotM-arctlou 0..t44    tujunn-  ilicli. 

Area  after  rapture 0.1964  wiiiare  inch. 

Position  of  niptnre Central. 

Clinracter  of  BiirfucK Ci'vnlal8,liiieaiiiUliarn 
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Specimek  E,  So,  II. 

Table  thoaing  the  ezlennon,  rvioralion,  and  prrmaHrot  »et  eauimd  by  ilie  >iiideTmntioBed 
tceighbi  per  gqtmrc  inch  of  MrNao  acting  upon  a  tolUI  egtindfr  10  inchra  (nail  (Mirim 
shOHldrn)  and  &".662  in  diameter,  lakfH  from  a  tample  bar  of  fiuid-romurmri  ttnl  6 
incAt*  tquare  bg  32  \He^^n  long,  fiirniabei  bg  Sir  Joteph  irliitirortk'$  Stref  If'orlit,  iltin- 
dte>ter,  EaglanA. 


TT 


is. 


lit 


V, 


CLOOWM 


nisi 

04BS4 


GRNKnAL  Bi;MMARy. 

Specific  gravity 7.K)28 

Ultiiunte  Rtreiiglh  per  square  iucL e6,0<l<t  ponnds. 

Elliptic  limit 3f  ,000  imiindfc 

Extension  |>t-r  iiivh  nt  m|itiirc O.lTStB  iiirli. 

ExI^iiHioiiutelBHtir  limit 0.O0t6S  iDfll. 
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Hnnlii^HH 16.330 

RFdiictiun  in  i1iamet«r  at  |H)iiit  of  rupture OASi     incli. 

Original  an'»of  croas-Mctiou i>.'iti     Miuare  Lneli, 

Area  after  rupture O.VH     iiquare  Inch. 

Position  of  rupture Ccutral. 

Character  of  surtoce ^fiuc  silky. 


Specimex  No.  1. 


Tablr  ahoicing  the  contprtuion,  rettoralioH,  and  permaneiil  itfl  muled  bg  Ur  uhdenHeHlUmed 
iceighte  per  tquare  tocA  o/  mo'ion  aetiag  upon  a  tolid  CHFiifrfrf'  ID  iuehee  long  and  l".l<iS 
i»  diaHuler,  Uiktn  from  a  lample  har  of  ttaid-eiot»mtii»td  etrel  6  incin  »q«are  bg  22  incAm 
loHg,  /■r»iaA«d  by  Sir  Jotapk  WhitaiortlCt  Steel  f)  orka,  Mahcheatri;  Ksgland. 
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L  SUMMARY. 

F.l antic  limit 36,000  pomidB. 

CoDipri'NHionprr  inch  at  44,000  iMiumIe O.CMNWlincL. 

Coiuprcwioii  nt  elastic  limit 0.00162  inrli. 

Inrn-iiw!  iu  iliaiaeter  at  44,000  pouuds 0.003      inch. 

Orifpiial  arpoof  tro8»-»i>ctiou 0.9M0   square  inch. 

Area  after  44,000  irauudH 0.9W3   aquare  inch 
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Sfecimkn  No.  2. 

TaHe  thoiring  the  mmprfiaion,  realoratiox,  and  permaimf  tei  oatittd  by  ilie  tnider-KnUotrd 
vrighU  per  fquarr  inch  of  Mcltou,  acting  upon  a  tolid  cglinSrT  10  tnejbe*  lomg  a*d  1".]3i 
in  dioineler,  taken  from  a  lamplf  bar  of  flaid  a»iipre»»ed  tttrl  6  tHcAM  »aiiart  bg  SS  intia 
long,  fnmuhtd  bf  Sir  Jotepk  H'hilai>rth'*t  SCetl  H  orkt,  ilanckeiter,  Eitgtomd. 
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GEXERAI.  SUMMARY. 

Elastic  limit ponud«.. 

Compression  per  inch  at  41,000  poimdH inch.. 

CompreBsion  at  Plantic  limit ^n... 

IncKaee  in  diatuetcr at  41,000 ponnils do.,. 

Original  area  of  crow  section iquare  inch-. 

Area  after  41,000  pounds do... 
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RECORD  OP  TESTS  OF  WHTTWORTH'S  FLriD  COMPRESSED 
STEEL  EMPLOYED  IX  JACKET  OF  TUBE  FOR  8-INCH 
BREECH-LOADING  RIFLE. 

Appendix  II. 

8-mCH  BBEECH-LOADINQ  KIFLE. 

Sfbcimen  I. 

Table  fkoiring  the  ixteKtion,  rettoratiim,  and  permanent  »et  muhH  Ig  the  nnder-mentioned 
M-eightt  per  iqiiare  rncft  of  aeclion  acting  «pon  a  Miltd  cgUnder  l(f  fluid  compreeaed  »l(tl,  S- 
inchee  long  (behcten  tkovldert)  and  0".653  tn  diameler,  taken  /rim  Jaeket  of  lube  for  8- 
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SpKimen  /— Coatiuaed. 
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Specimen  II. 

Tablf  tkoxcing  the  ertennoN,  raloralion,  and  pfrntaueHl  »el  nia«ed  bg  the  HHdermeHlioMed 
treigklii  per  tqiiare  inch  of  section  acting  upon  a  »olid  egliHdrr  of  JtHid-oompreoMd  »teel,  6 
indkft  long  (ietirfcn  ahouldm)  and  iy'.653  in  diaiaeler,  lalCfH  fromjaciet  of  In! 
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Sjiwifie  gruvity 7.«6l 

Ultinintt;  rmiHtunte  to  cxtciiaiou puuuds..    Tc.  WN) 

ElsHtic  limit do....    32, iM"! 

Exteiutiou  per  iuch  at  mptnre jiirh..      1.31*1* 

ExtnwioD  st  elastic  limit do O.d'fSr 

Harducas 16.860 

Seduction  in  diamrtcr  at  ftoiut  of  ni^tiuv iucli..     0.  U* 

OriKinnl  area  of  criMi8.8ettion «inare  inch-.     O.X149 

Area  att«r  rapture do O.ann 

Position  of  niptiire N«w  midiUr. 

CUwueter  of  uuifmi' Pnrt  gniuiiluraud  part  filirons. 


Appexdix  in. 

DenoriptioH  of  the  ittntruiHeiits  employed  in  the  meanHremeuU  of  the  wwiw- 
gion  and  the  correnponiiing  temperutHre  of  the  ca«t-iron  comh^  o/  the  8- 
inch  breech-loading  rijle,  tchea  heated  up  for  the  reception  of  its  t«be. 

The  methCKl  by  shriuJcage  liaving  been  adopted  for  the  insertion  of  tlie 
tube  of  the  8-inch  hreefh-loa<li»(f  ritle,  it  at  once  became  iminrtaut  to 
Itro^nde  some  reliable  means  for  measuriug,  il'om  time  to  time,  the  exjiaii- 
Hion  of  tlie  owt-inin  casing  while  undergoing  heating.  It  was  deeniMl 
moat  desirable,  also,  in  connection  with  these  ineasurementH,  to  deter- 
mine accui-ately  the  con-esiKtnding  temi>eratnres,  in  onler  to  a<Miuhv  tnisl- 
woi-thy  data,  which  miglit  seire  ibr  reference  in  future  operations  of  tliis 
nature.  The  instruments  prepared  for  the  above  pnrpoues  ven  as  fol- 
lows: 

1.  For  the  ineaBuremeiit  of  the  expansion. 

In  this  oi>eration,  since  the  instniinent  woiUd  reqnire  to  !»  inwrteil 
Avithiu  tlie  bore  of  the  heated  casing,  it  was  deemed  uecessar>'  to  eiuvli>.v 
a  measiirin);  tool  of  such  ]>oor  conducting  material  as  would  uitdei'^ 
itself  as  little  change  from  the  heat  as  possible.  Accordingly,  a  num- 
ber of  wooden  measuring-rods  (Plate  II),  with  steel  iH>int8  screwed  into 
the  ends,  were  constructed.  Tlie  lengths  of  these  rods  were  then  ad- 
justed by  a  vernier  rule,  reading  to  0".001,  so  as  to  form  a  series,  grad- 
ually increasing  by  O".0O5,  fix)m  22".00  t«  a2".09,  or  to  a  little  bej-ond 
the  required  expansion.  The  length  of  each  measuring-rod  was  stamiietl 
uiwn  it,  and  a  stiff  wire  attached  to  it  at  the  middle,  by  which  to  hamllt 
it  in  taking  a  measurement.  By  means  of  these  rods,  using  a  longer  and 
longer  one  till  one  was  found  that  would  just  ent«r  the  casing,  the  meas- 
urements of  the  interior  diameter  of  the  heat«d  casing  were  rajiidly  and, 
it  is  thought,  quite  accurately  made.  Tlie  lengths  of  the  measuring-rods, 
as  verified  by  the  vender  nde,  immediately  after  being  withdrawn, 
showed  no  sensible  change. 

This  mode  of  measurement  was  de^'ised  by  the  South  Boston  Iron 
Company. 

2.  For  the  measurement  of  the  temperature. 

For  the  determination  of  the  temperature  it  was  decided  to  employ  a 
pjTometer  of  the  form  known  as  the  hydro-iijTometer ;  in  which  the  tem- 
perature is  ascertained  by  exposing  to  tlie  acHon  of  the  heat  which  is  to 
be  measured  a  definite  weight  of  some  metal,  as  platinum,  steel,  copper, 
&c.,  and  then  quenching  the  same  in  a  known  weight  of  water,  and 
noting  the  rise  in  tenq>erature  of  the  latter.  From  this  data,  and  the  spe- 
eiflc  heat  of  the  metal  employed,  the  initial  temperature  of  the  metal, 
which  is  the  tenqwrature  required,  can  be  readily  obtained.    Thus,  if  a 
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liiece  of  platinum  weigliiiig  1,000  gmiiis  should,  wbeu  iiiunerwd  in  2,000 
graios  of  water  at  a  tt-iiigH^mttire  of  OO^  Fahrenlieit,  mist:  tke  teuii^ra- 
tiire  of  the  hitter  to  90=,  then  iKP—liOo=303,  multiplied  by  2  because  the 
weiylit  of  the  water  is  twice  that  of  the  platiuum,  give,s  00°,  the  tern- 
jierature  to  which  a  weight  of  water  ecjual  to  the  iilatiuuui  would  have 
lieeu  raised.  To  obtain  tromthistheinitiiUtempei-atui'eof  the  platinum, 
in  Fahrenheit  degi'ees,  we  multiply  by  31J,  tlie  si>eeiflc  heat  of  water  as 
('omi>ared  with  jilatiuum,  that  of  the  latter  being  1,  and  to  the  result 
add  the  temperature  of  the  water.  Therefore  (««  x  30i)  +  90  =  19C5  is 
the  temi»erature  required."  The  principle  may  otherwise  be  stated  as 
follows:!  A  body  of  known  weight  W  is  raised  to  a  final  temiieratm-e  T, 
and  then  pluuged  into  a  (luautity  of  water  of  weight  W  and  tempera- 
tiu«  t,  which  is  contained  in  a  copper  vessel  called  a  "calorimeter." 
As  T  is  sup^tosed  to  exceed  t,  the  water  gains  in  temperature  by  the  im- 
mersion of  the  body  and  finally  attaiua  a  maximum  temi>erature  0,  which 
lit  noted.  In  the  chauge  from  t  to  0,  the  water  has  gained  a  quantity  of 
heat  etiual  to  W  {fl  —  t),  and  the  body  immersed  has  lost  a  qiiautity 
etpial  to  Wx  (T— C) ;  x  Iwing  the  siiecific  heat  of  the  iKxly,  that  of  water 
iH'ing  efjiial  to  1. 
Etiuating  these  two  quantitie-s,  we  have 

W(fl-f  =  AVj{T-tf) 
Soh-ing  in  reference  to  T,  we  ot)tain 

This  metliod  of  pyi-ometric  uieasurement  was  fiixt  adopted  bj'  Clemeut- 
Desormes  &  Schwai'z,  fur  the  measurement  of  tlie  heat  of  fui'uaces;  it 
was  afterward  employed  by  Kegiiault  in  the  determination  of  the  sjie- 
cifie  heats  of  various  substances,  liquid  and  solid,  and  by  Dr.  Siemens 
in  some  delicate  expeiinients  upon  the  viirj-ing  electrical  conductivity  of 
telegraph  wire  uuder  different  degrees  of  temperature.  The  form  of  the 
instnunent  1ms  varied  somewhat  with  the  specific  end  in  view ;  the  one 
herein  describetl  is  esseutiullj-  that  devised  by  Captain  Bystixim,  of  the 
Swe4lisb  artillery. 

DESCRIPTIOS  OF  THE  ISSTEIMEXT, 

Plate  IV. — Tlie  iustruinent  consists  of  a  copper  vessel,  C  the  calori- 
meter,  inclosed  in  a  wooden  box  A,  but  separated  from  it  by  an  air  space 
E  an  outlet  pipe,  closed  with  a  cork,  is  provided  at  the  bottom  of  the 
vessel  for  withdrawing  the  water;  D  is  the  metal  ball,  in  this  in- 
stance of  copper ;  t  B  is  the  "  mixer,"  consisting  of  a  cage  of  brass  wires, 
fastened  into  a  wooden  ring;  the  latter  series  as  a  handle  for  turning 
the  mixer,  and  also  a»  a  socket  for  the  fimnel  used  in  filling  with  water, 
or  dropping  in  the  heated  metal  ball.  The  mixer  is  detachable,  and  by 
means  of  it  the  ball  can  be  withdrawn  from  the  calorimeter.  During 
an  experiment  the  funnel-hole  is  closed  by  a  rubber  ball,  to  prevent  the 
e^'Ape  of  heat.  T  represents  the  thermometer,  which  enters  tiirough  a 
rubber  i>a«king,  a  short  open  tul>e  in  the  top  of  the  calorimeter.  The 
thermometer  is  provided  with  a  sliding  index,  which  will  be  described 
more  fully  subsequently.    A  mahogany  casing  G  is  i>laced  over  the  iu- 

'Mitchell's  Assay  in;;. 

tDencliBDeL'a  Natural  Philosophy. 

1  Plntinnm  ih  perhaps  the  lui-tal  liest  siiiteit  fur  this  iitirrmne.  as  its  8j>critlc  heat 
n-Diains  cODstniit  op  to  very  hiifli  teui]ieralnivs;  it  is  iilij<?ctiiiuHb]f,  hiiwevir,  ou  the 
j(Ti>uDil  of  oxpeuse.  Sttiel  wimlilhavf  Ih'pu  pri'ffralili;  li>  ii^ipiT,  hiit  tluie  did  tiut  per- 
mit the  prociiiing  of  a  Hnilulile  piece  aiid  oscertaiuiug  itti  sitei'ilic  heat. 
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stniment  to  give  an  exterior  finish,  and  also  to  affonl  additional  protec- 
tion; it  may  be  reiulil.v  removed  lilte  a  cover,  Tlie  inner  box  is  of  pine 
wood,  coated  with  shellac. 

;  The  amonnt  of  water  employed  is  Go  cubic  inches,  at  the  temperature 
of  62°  F.,  or  3-1.192  ounces.  The  water  may  be  either  weighed  ot  meas- 
ured; the  latter  is  a  more  convenient  method,  when  the  temiteratnre 
of  the  water  does  not  vary  much  from  G2°,  and  was  adopted  in  the  ex- 
periments had  with  this  instrument.  The  measurement  waa  made  by 
means  of  a  graduated  glass,  liquid  measure  (Plate  5).  Tlie  weight  of 
the  copper  ball  is  5.012  ounocs.  In  order  that  the  temperature  of  the 
copper  ball  should  truly  represent  that  of  the  gnn-casing,  it  was  deemed 
best  to  susjwnd  it  in  the  bore  of  the  ctising.  For  this  purpose  ft  small 
caet-iron  box*  waa  provided,  capable  of  containing  the  ball,  and  having 
a  bottom  movable  about  a  pivot  at  one  comer.  By  means  of  a  project- 
ing arm,  E,  the  bottom  could  be  turned  round  so  as  to  allow  the  ball  to 
fall  out  into  the  calorimeter,  A  piece  of  gas-pipe  was  screwed  to  the 
top  of  the  box,  having  attached  to  it  by  a  eet-screw  an  adjustable  cross- 
arm.  By  means  of  this  apparatus  the  copper  ball  conld  be  auspendnl 
at  any  height  in  the  bore  of  the  casing,  its  transfer  to  the  calorimeter 
be  rapidly  and  easily  made,  while  the  heat  lost  during  that  operation 
would  necessarily  take  place  from  the  outside  Iwx,  rather  than  from  the 
cop])er  ball  within.  Tlie  details  of  the  heating-box,  and  the  method  of  its 
emi>loyment,  are  shown  on  I'bite  5.  This  plate  also  gives  a  A-iew  of  the 
gun-pit  aiul  the  method  of  heating  it ;  D  l»eing  the  flre-pit :  FF  the  inlet 
and  O  the  outlet  air-flnes ;  CO  are  flask-sections ;  K  a  nuizzle-rest ;  EE, 
barces  for  the  sui)i>ort  of  the  gun. 

DETERMINATION  OF  THE  WATER  EQUIVALENT  OF  THE  PYROMETER. 

The  equation 


_W'  i9-t) 


+  e 


assumes  that  the  only  exchange  of  heat  is  Ivetwecn  the  water  and  the 
heateil  body,  which  is  not  actually  the  case. 

The  heat  of  the  bo<ly  is  not  given  up  exclusively  to  the  water  in  the 
calorimeter,  but  partly  to  the  calorimeter  itself,  to  the  thermometer,  the 
mixer,  and  snch  other  instruments  as  may  be  employed  in  tlie  experi- 
ments and  come  in  contact  dire<-tly  or  indiiectly  with  the  heated  Iwdj-.t 

The  equation  for  the  most  general  case  can  easily  be  written  down, 
since  it  is  only  necessary  to  express  that  the  qiianrity  of  heat  given  up 
by  the  heated  l>ody  is  equal  to  that  gauted  by  the  water,  the  calorime- 
ter, thermometer,  mixer,  &c. 

Let  W  denote  the  weight  of  the  body ;  T  its  initial  temperature ;  x  its 
specific  heat ;  W  the  weight  of  the  water  in  the  calorimeter ;  w'  the  weight 
of  the  calorimeter;  j^  its  si»ecilic  heat;  ir"  the  weight  of  the  mixer,  mid 
X"  its  specific  heat ;  ir"'  the  weight  of  the  thermometer-tube  immersed 
in  the  water ;  x"'  its  8j>ecific  heat,  and  ir"  the  weight  of  the  mercury  in 
the  thermometer-tnbe,  and  x^'  its  si>eciiic  heat. 

Then 

W>  (T-S)  =  W  +  wV  +  (c'V  +  "■'"■r"'  +  »f"-»^')  (9-0 
ami 


W^ 


*  TLe  fomi  of  thiH  lie iitinn-lms  «  jih  hi 

C(nn)>auy,  anil  is  nn  impnivfiiiPiit  iipc 

t  Deticliuiierit  Xatiiral  Pbiluwiptiy. 
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In  the  above  expression  the  coefficient  of  [B—f)  is  called  the  wnfer 
equivalent  of  the  calorimeter,  and  evidently  represents  a  mass  of  water 
ttnch  that,  snpxwsing  it  to  receive  exclnsively  all  the  heat  given  np  in 
the  experiment,  a  thermometer  placed  in  it  would  indicate  the  variation 
of  temperature  actnally  observed. 

To  determine  this  value  for  the  particular  case  under  consideration, 
take  the  followiiig  schedule : 


Psrta. 

i 

1  UateriaL 

t 

1 

1 

i. 

Komeri™! 

Brfl. 

1    Copper. 

s.m 

W. 

.111*, 

«■ 

w. 

.OaTTB. 

W  tM                                                  1 

LSI 
.30 

W' 

5' 

'if 

1 

SUBS 

.|Copp«... 

/ESS:::: 
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M«reorj-  in  theniiom 

-.-.- 

.MM 

W+w'i'4w"l"+w' 

^"+«M-if 

.50772 

..«„ 

From  which  we  determine — 

W+tr'y+Tr'V  +  If "  V  ip"j"  _  35..'m2_  -^ 
\VX  "      .50772      '  * 

for  the  water  equivalent  of  the  pjTometer,  or  the  value  of  each  degree 
ill  the  difl'ereuce  between  the  tcmi)erature  of  the  water  before  and  after 
the  immerMion  of  the  heated  copiwr.  The  exprassion  for  the  t6mi>era- 
ture  thus  becomes  T=70  {B—t)  +B. 

The  thenuoineter — Plate  IV — ranges  from  .TO^  to  105°  Fahrenheit,  and 
is  graduated  ni>on  the  tube  itself  into  degrees  and  fifths  of  a  degree. 
I'lwn  one  side  is  an  ivory  slide  with  the  same  graduation  as  that  on  the 
glass  tube;  the  unit  of  this  scale,  however,  is  70°,  Tenths  of  a  degree 
can  easily  be  read  on  the  glass  tube  by  the  naked  eye;  and  with  the 
uiagiiifpug  glass  (Plate  V)  a  still  finer  division  may  be  made. 

In  using  the  instrument  it  is  first  filled  with  the  requisite  weight  of 
water,  and  the  shde  moved  until  its  zero  couicides  with  the  top  of  the 
mercurial  column  in  the  thermometer-tube.  After  immersing  the  heated 
t-opi>er  ball  and  closing  the  aperture  with  the  stopper,  the  temperature 
is  equalized  by  stirring  with  the  mixer,  or  by  shaking  gently  the  instm- 
ment  The  height  of  the  mercury  is  then  read  off  from  the  slide,  and  to 
it  is  added  the  corresponding  temi>eratiire  of  the  water;  the  result  is 
the  temi>erature  required." 

In  addition  to  those  corrections  introduced  in  the  determination  of 
the  water  equivalent,  there  are  yet  others  which  it  is  usual  to  take  into 
account  where  a  rigorous  result  is  desired.  Thus  the  pyrometer  loses  a 
certain  amount  of  heat  by  railiation  and  also  by  conduction  through 
the  supports  on  which  It  rests.  With  regaol  to  the  former,  the  necessary 
correction  may  either  be  allowed  for,  as  by  the  "method  of  compensa- 

'  The  nuit  uf  the  wriilc  ou  tli«  uliile  ia  su  large,  TU",  tliat  iu  practivu  it  was  tbimd 
much  eanirr  to  neglect  thin  ncnle,  anil,  iiiHtetul  of  it.  multiply  the  difference  between 
the  readings  on  tlie  liibu  before  and  attel  aii  experiuieut  by  70'^. 
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tion,"  or  it  may  be  determined  by  calculation,  aud  theii  diiwtly  miM 
to  the  result.  The  coDstructioii  of  the  pyrometer,  however,  is  suih  a*  tn 
render  this  source  of  error  so  »uiall,  that  it  may  be  pmctii-ally  ueglninL 
The  same  obsei-vation  applies  to  loss  of  heat  by  conduetion  ihroagh  ihr 
supports,  which  are  of  small  diineusious  aud  of  a  bad  coiiilactiDg  nair 
rial  For  a  difference  between  the  temperature  of  the  water  and  ihr  air 
of  24°  and  an  actual  temperature  of  the  fomier  of  over  IWP,  the  lw--i>i 
heat  from  the  above  sources  was  only  one-tenth  of  a  degiw  [n-.l  in 
one  minute  and  a  half;  a  longer  interval  than  is  ordiuaiily  leqain^ff: 
an  exi)eriment  with  the  instniinent. 

This  pyrometer  was  constructed  by  Mr.  James  Green,  of  New  York  liiy 
iu  consultation  with  this  office.  Previously  to  its  being  euployHl  M  lb'- 
8outh  Boston  foundery,  in  connection  with  the  insertion  of  tlie  liiW"! 
the  8-inch  breech-loading  rifle,  it  was  carefully  tested  at  this  ofbvliv 
comparison  with  a  high-range  mercurial  thermometer;  the  bulh i>f  <li-- 
thermometer  aud  the  copper  ball  being  heated  side  by  side  in  an  cillntli. 
The  accordance  between  tlie  results  furuished  by  the  two  insmaitul- 
was  striking."  The  emplojinent  of  the  pjTometer  at  the  fonDiiwy  '*' 
attended  with  success,  and  the  results  obtained  were  highly  ftati<a>t"^' 
It  is  only  to  be  regretted  that  circumstances  did  not  i>erniit  of  a  "It 
range  in  the  experiments. 

It  ia  resjiectfully  suggested,  therefore,  that  a  series  of  experimenl; 
the  determination  of  data  on  the  expansion  of  coat  iron  under  p-iilu^'llT 
increasing  temperatures,  say  from  212°  to  1,000°  or  more,  be  iiudi;ii!>lii'ii' 
whenever  a  fitting  opportunity  shall  ofter;  employing  forthei«n"'* 
the  instruments  above  described,  and  the  east-iron  cylinder  coostmnfJ 
or  experimental  purposes,  now  on  hand  in  the  department. 


.y  Google 


,1 J 

I\ 

•1    *i. 

V 

lit    :■ 

VI 

i'-m  ■■ 

■  ^k 

.nJj 

a    1 

illl! 

1 

?^r  ' 

HI 

1 

^*;             i             \ 

■  s  1 3         ■    rfA       °       /  Vi 

u  ^   {  ^                '                                                          \ 

^p.       rU         [u 

'Hi         Y             T 

-'%'• 

-   * 

!• 

ipu                          -■■' 

!llf 

IflrTP 

ifi 

1j^^\ 

•■^ 

.y  Google 


,  Google 


,  Google 


HYDHw-PYROMETEH. 


k^^M"";^-^ 


ya 


'■  '■  '    '   '  '*■  ■""' 


.y  Google 


C.OiH^lc 


,  Google 


.oogle 


,  Google 


,  Google 


,  Google 


BEPOET   OP   IHE  CHIEF  OP  OHUNANCfc. 


APPENDIX  8. 

Iteporta  of  the  OitlHaiiee  Board,  composed  of  the  foUoiring  officers  of  the 
Ordnance  Department,  riz :  Lieut,  Cot,  IS,  Crispin,  brevet  colonel,  U.  t!.  A,; 
Lieut.  Col.  T.  J.  TreadireU,  brecet  Uentenant-coionel,  U.  Hi.  A. ;  Miy.  T.  6. 
Baylor,  brevet  colonel,  V.  ti.A.,andharingCapt.F.H.Phi^psasreciyrder, 
on,  the  trial  of  guns,  projectiles,  and  fuses. 

TRIAL  OF  THE  LOWELL  BATTEKY  GUN,  CALIBER  .45",  SEP- 
TEMBER AND  OCTOBER,  1ST7.  AND  APRIL,  187$. 

(Twelve  plates.) 

Descripiios  op  the  Lowell  Battery  Gus,  Cal.  C''.15. 

the  general  systeji. 

(Sw  Plates  1,  2,  3,  and  4.) 

Tlie  Lowell  batter^-,  or  machine- friin,  is  of  the  initrailleiir  onler.  The 
system  is  coiiiiwsed  of  two  distinct  parts,  inz,  the  ljan«ls,  with  their 
<lisk»  and  tnmnious,  and  the  tramc  and  bi'eech,  containing  the  mechanism. 
Tlie  barrels — Renei-ally  foiir,  although  a  greater  mimlxT  may  Im  used — 
ai^e  mounted  between  two  snpporting  disks,  arranged  to  revolve  in  riugs. 
The  ring  at  center  of  bswrels  is  provided  with  tmunious,  which  work  in 
the  frame  comiectiog  the  barrels  with  breeeb  me<-banism.  Tbe  rear  ring 
and  inclose<t  disk,  when  tbe  Imrrels  are  in  i>osition,  lock  with  the  frame. 
By  this  arrangement  of  the  ban-els  they  can  be  di^onnected  Irom  tbe 
breech  and  tilted  up,  allowing  them  to  be  readily  insi>ecte<l  or  cleaned; 
also  facilitating  tbe  exti'action  of  any  obstructiou.  One  of  the  pecubar 
features  of  this  gun  is  that  the  flring  is  confined  to  one  barrel  at  a  time, 
requiring  but  one  lock.  This  bari'el  is  used  until  heated,  disabled,  or 
flogged,  when  it  is  rotated  aside  by  a  simple  lever-movement  and  another 
brought  into  plaue,  and  this  can  be  done  quickly  and  without  shutting 
off  the  feed.  The  ui>]>er  barrel  being  the  one  tired,  it  is  always  iu  sight 
of  the  operator,  and  any  damage  to  it,  sucb  as  bulging  or  bursting,  can 
be  readily  detectetl  and  its  use  in  subsequent  firings  avoided. 

The  breech  mechanism  is  contaiue<l  in  a  housing  of  brass,  the  lower 
half  of  which  is  securely  bolted  to  the  connecting  ti-anie,  the  cover  or 
up}>er  half  beiug  seciu^l  to  it  by  hinges  on  tbe  leit  side  and  on  tbe 
right  by  catches  when  closed.  This  cover  is  iu  two  parts,  so  that  the 
whole  breech  mechanism  can  be  exposed,  or  only  that  part  of  it  which 
receives  tbe  cartridges  from  the  feeding-tube.  The  advantage  of  this 
arrangement  is  apparent.  In  alwut  15  seconds  the  cover  can  be  thrown 
oi»en,  and  the  working  parts,  which  occupy  but  little  space  and  are  ex- 
cccilingly  simple  and  strong,  can  be  removed  and  rei»laced  without  tools 
by  any  man  of  ordinaiy  capacity.  The  principal  parts  of  the  breech 
mechanism  are,  the  crank-shaft  and  worm  for  rotating  feeil  or  carrier  rolls; 
the  "lock-plunger"  with  its  firiug-pin,  firing-itin  spring,  and  two  ex- 
tractors; two  carrier-rolls  and  shafts  with  gearing,  aud  the  fee<liug-tnbe. 
The  crank  works  from  tbe  rear,  aud  for  jmriKises  of  drill  or  exercise  the 
machiuer>-  can  be  revei-se^l  without  change.    The  lock-pbmger  has  two 
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Strong  extractors,  operating  positively  and  not  depending  uiwn  si>ring». 
Tliese  extrat'twra  graxp  tlie  cartridge-sliell  on  ojiposite  sides  and  remain 
looked  until  the  xliell  is  fiilly  nitlutrawii.  Tlie  flring-pin  has  an  elonga- 
tion iminting  downward  whioh,  as  the  wonu  rotates,  is  forced  back  hy 
»  cam  on  tlie  worm,  eoinpresniiig  the  spring.  '  The  moment  the  firing-]iin 
ia  released,  it  strikes  the  primer  of  cartridge  and  disotiarge  takes  plact^. 
The  carrier-rolls  are  simply  two  cogged  wheels,  revolving  in  opposite  ili- 
rectious.  and  so  arrangecl  as  to  receive  between  their  teetli  tlie  cartrklges 
delivered  Itom  the  fee^liiig-tube;  the  rolls  carry  the  cartridges  between 
plunger  and  chamber  of  ban-el,  receive  the  fired  shell,  and,  by  flirtlier 
movement  of  crank,  force  the  shells  to  fall  to  the  ground.  One  entire 
revolution  of  the  erauk  fires  and  extracts  three  cartridg(«.  The  feeding- 
tube  consists  of  an  upright  brass  tul)e,  flnnly  net  in  a  Hocke.t  directly 
over  the  carrier-rolls;  it  can  be  removed,  if  necessary,  by  looseninga  set- 
screw  at  its  lower  end.  This  tube  has  s  slot  on  its  tbrwanl  side,  extend- 
ing its  whole  length,  of  a  width  slightly  gi-eater  than  the  diameter  of  the 
cartridge^  It  is  also  slotted  ou  its  interior  to  receive  the  head  of  the 
cartridge,  being  slightly  tninipet-8hai)e<l  at  its  top  to  facilitate  the  iutro- 
<hiction  of  the  cartridge.  It  uill  hold  about  'M  cartridges.  In  the  socket 
which  liolds  the  fcetler  is  a  stop  with  a  milled  head,  normally  held  back 
by  a  siural  spring  that  allows  the  cartridge  to  fall.  Should  it  be  desirable 
to  stop  the  feed,  the  oj>erator  i»u8hes  in  this  "stop,"  turning  it  slightly  to 
the  Itrft,  it  Iwiiig  heUl  in  that  iH>sitiou  by  a  small  pin  entering  a  slut. 
There  are  also  provided  for  »er\ice  with  the  gnn  feed-cases  of  tin,  hold- 
ing 17  cartiidges  each ;  the  cases  are  made  by  simply  turning  a  piece  of 
tin  about  1  inch  wide  so  as  to  hold  the  heads  of  tlie  cartridges  by  their 
thinge ;  pieces  of  steel  bent  over  the  ends  of  the  case  and  sol<Wed  to  it 
hold  the  cartridges  iu  place. 

By  i>lac)ng  the  case  in  "  tee<lcr  "  and  pressing  on  the  toji  cartridge,  the 
steel  sjiring  is  force<l  back,  and  cariridgcH  drop  into  phice. 

The  traversing  motion  is  given  hy  means  of  an  eccentric,  the  ^aft  of 
which  is  connected  by  a  worm  and  gearing  to  the  crank-shaft.  The  eccen- 
tric is  so  nrrangecl  that  the  amount  of 'traverse  can  be  regulated  IVom 
ii  ui  degrees  upward  by  the  iterson  operating  the  gun,  who  can  spread 
or  reduce  the  8i>ace  covered  by  his  flre  acconiing  as  the  object  apjiroaf^hes 
or  recetles,  increases  or  diminishes  its  tnmt.  ami  this  without  stop]>ing 
the  lire. 

Carriage. 

(See  Piate  4.) 

Tlie  peculiar  featni-es  of  this  caniage  are :  the  U-shaped  frame-work 
which  snpi>orts  the  gun  on  its  carriage  and  which  terminates  in  a  ball- 
and-socket  joint,  allowing  the  gim  to  be  moveil,  by  means  of  a  wnm 
working  in  a  section  of  a  rack  secured  to  socket,  to  the  right  or  lefl  in 
an  arc  of  a  circle  ;  and  the  device  for  giving  the  gun  greater  elevation 
and  depression  than  can  be  obtained  hj-  using  the  eie%-aring-8crew  alone. 
The  wliole  tVame-work  snpi»orting  gun  rests  on  an  elevatiug-rack,  the 
arcs  of  which  )>ass  through  slots  on  side  rails  of  trail,  pins  passuig  tbrongh 
holes  in  side  rails  and  ares,  secure  the  rack. 

The  elevating  apparatus  or  screw,  which  in  other  systems  rests  upon 
the  trail  of  carnage,  in  this  ease  is  supjiorted  by  a  projecting  arm  from 
the  frame-work  on  wliich  the  gnn  rests,  so  that  the  gun,  instead  of  having 
two  ]>oint«  of  support  on  its  carriage,  has  but  one — the  ball-and-socket 
joint.    The  inventors  claim  as  follows :  "The  mei'hHuituu  of  the  carriage 
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is  Ml  lUTHiiged  tliat  the  gun  can  be  leveled,  a<\iuated,  or  trained  to  te 
«&e<:tive  Ui  any  iKwition,  either  at  elevation  or  depression.  When  oper- 
atuig  upon  TOugli  or  uneven  ground  and  when  ti-equent  eliangea  of 
^losition  are  necessary,  this  arrangement  is  of  mueli  value,  as  it  enables 
the  gunner  to  bring  liie  gun  into  any  desired  iM>sition  in  a  very  short 
time.  Attached  to  the  caiiiage  are  two  skeleton  cages  or  crates,  wliere 
4,000  cartridges  can  be  det^osited  and  carried  with  the  gun,  and  at  the 
same  time  be  within  easy  reach  of  operator.  Tliree  men  can  work  the  gun 
sttiudily  and  contiuuonsly  when  this  carriage  is  usmI.  It  is  manufact- 
ured priuci^KiUy  of  steel  and  bronze,  and  is  adapted  to  either  Aruiy  or 
Xa*-y  use." 

EBBULTB  OF  FIRING  AT  SANDY   HOOK,  NEW  YOHK  HARBOR. 

On  the  11th  of  September,  1877,  the  gun  was  flred  for  initial  velocity, 
using  Lowell  ammunition,  an  average  of  11  rounds  giving  1,266  feet, 
after  which  1,000  rounds  were  flred  testing  workings  of  gun.  The  fol- 
lowing testa  were  then  made  for  rapidity  of  flre :  561  rounds  fli'ed  in 
3*  23";  443  rounds  in  2'  19";  1,003  rounds  in  5*  2J",  and  646  rounds  in  2*. 
A  delay  occurred  in  firing  the  1,003,  occusionnl  by  the  bursting  of  a 
cartridge  in  the  rolls ;  357  rounds  were  afterward  deliberately  flred  in 
3'  213". 

A  series  of  34  cartridges  were  next  fired  for  rapidity,  an  average  of 
10  trials  giving  6"  j  6,018  cartridges  were  also  flred  in  27'  19J".  (See 
Appendix  A.) 

September  14  the  gun  was  flretl  at  a  target  52'  by  11',  of  l-lnch  pine 
hoHrds,  aTid  200  yards  distant;  l,00<i  ronndH  flreil;  all  hit  (see  target 
apitenued,  Plate  5),  the  traversing  arrangement  being  set  to  its  trill  limit 
■ef  play. 

On  the  15th  of  September  1,015  rounds  were  flred  at  a  similar  target 
aw  yanls  distant ;  total  number  of  hits  715  (target  appended,  Plate  6), 
the  traversing  gear  being  set  at  about  one-half  its  limit  of  play.  Sep- 
tember 20,  the  gnu  was  again  flred  1,000  rounds  to  test  the  mechanism. 

Up  to  this  time  the  Lowell  ammunitiou  had  been  exclusively  used. 
With  a  view  of  testing  other  ammiuiition  in  the  gun,  500  rounds  of 
Bridgeport  ammuni:ion  were  flred  in  2'  50";  this  ammunition  worked 
well,  but  not  quite  as  smoothlj-  as  the  Lowell,  this  gun  being  more  par- 
ticularly arranged  for  the  use  of  a  solid  head  cartri(lge. 

(>ii  tlie  24th  of  October  the  gun  was  flred  deliberately  at  a  target  52' 
by  11',  distant  1,000  yards  (see  target  appended,  Plate  7),  the  wind  blow- 
ing aci-oHS  line  of  fire  with  a  velocity  of  12  miles  an  hour,  the  traversing 
gear  l>eing  set  at  0.    Of  1,006  rounds  flred  there  were  407  hits. 

In  all  the  testa  14,905  cartridges  were  fired,  500  of  which  were  made 
at  Bridgeport,  the  remainder  bi.'ing  Lowell  solid  head.  Of  the  Brldge- 
pttrt  cartridges  flred,  6  burst  at  rim  without  leak  of  gas,  and  1  burst  iu 
body.     Xone  failed  to  explo<le. 

Of  the  Lowell,  14  bui-st  in  body,  and  in  25  there  was  escape  of  gas 
at  <!ap;  29  fiule<l  to  explo<te,  13  of  which  nund)er  had  no  fulminate. 
The  remaining  16  exploded  iu  Springfield  rifle,  flrst  blow.  During  the 
firings,  3  cartridges  burst  in  rolls,  which  is  to  be  attributed  to  the  fol- 
lowing cause:  ^lien  changing  barrels  so  as  to  bring  another  into  use, 
the  lever  and  spring  did  not  bring  the  fresh  barrel  exactly  into  line  with 
the  jaws  of  the  rolls,  so  that  when  the  cartridge  wiis  iiressed  forward 
the  bullet  caught  in  the  barrel  and  Jammed  there,  mid  cartridge  vas 
explotleil  by  pressure  of  ]>lock  behind  it. 
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DiscrssroN  oP  t^  System. 
OUN. 

Tlie  principal  features  of  this  pun,  different  from  those  need  in  other 
systems,  are  the  feed,  tbe  donble  extractor,  and  the  accesBihility  of  parts — 
features  possessing  much  merit.  Tlie  carrier-rolls  prevent  the  accumn- 
latioD  of  cartridges  before  the  lock,  receive  the  shells  aa  they  are  with- 
drawn from  the  barrel  and  earrj-  them  clear  of  the  gun,  all  their  move- 
ments being  poaitire  and  certain.  The  extractors,  from  the  construction 
of  the  "lock-plunger."  are  obliged  to  retain  hold  of  the  flange  of  the 
cartridge  until  the  shell  ie  delivered  to  tbe  rolls,  clear  of  the  bairel.  The 
working  parts  of  the  gim  being  no  accessible  can  be  quickly  removed  for 
repairs  or  cleaning,  and,  in  cane  the  gun  should  have  to  be  abandoned  in 
the  fleld,  can  be  readily  digable<l  by  removal  of  mechanism.  The  only 
]>art«  liable  to  disarrangement  or  that  generally  require  cleaning  are  the 
"lock-plunger"  and  the  two  "carrier-rolls." 

The  barrels,  not  being  made  fast  to  tbe  frame- work,  can  be  "tilted  up," 
making  inspection  and  cleaning  an  easy  operation,  but  a  want  of  sta- 
bility and  a  sacrifice  of  accuracy  result. 

CABBIAGE. 

The  carriage  snbmitte<l  with  tlie  gun  has  so  much  play  in  the  ball-and- 
socket  joint,  the  circular  elevating-rack,  and  elevating-screw  as  to  imi>air 
the  accnracy  of  fire,  more  est>ecially  at  long  ranges,  so  necessary  for  army 
noes.  The  trail  itself  is  not  sufficiently  strong  or  rigid  to  prevent  spring- 
ing under  fire. 

All  these  features,  however,  are  remediable,  and  in  subsequent  firings, 
which  it  is  desirable  slionid  be  made  with  the  gun,  a  different  carriage 
ought  to  be  used,  in  onler  that  the  meritit  of  the  gun  system  may  be  more 
fully  testeil. 

ACCXmACY  OF  PIEE. 

It  will  be  obfierve<l  from  tbe  records  of  firing  that  at  200  yards  all  of 
the  l,00ti  roiuids  ttretl  liit  target ;  at  500  yards  there  were  715  hits  for 
1,015  roiuids;  and  at  1,(KH)  yards  497  hits  out  of  l,00fi  rounds  fired.  In 
the  last  case  the  wind  blew  directly  across  the  line  of  Are  with  a  velocity 
of  12  miles  an  hotu*.  An  examinadon  of  the  target  plottings  (Plates  •% 
0,  and  7)  shows  for  200  yants  the  greatest  number  of  hits  at  tlie  extreme 
right  and  left  of  target,  indicating  a  slight  loss  of  motion  of  traveising 
gear  at  extreme  limits  of  oscillation.  At  500  yanls  the  shots  were  fairly 
distributed  over  target  withiu  limits  of  oscillation,  the  traversing  gear 
being  set  at  half  its  limit  only. 

At  1,000  yards  (oscillator  not  used)  the  want  of  accuracy  due  to  ribra- 
tioii  of  barrels  becomes  more  apparent,  as  might  be  exijecteth  Tlie  re- 
sidts  at  500  and  1,000  yards  are  not  as  good  as  those  oijtained  with  other 
mitrailleur  systems,  but  this  is  due  principally  t«  defects  in  carriage, 
which  have  been  heretofore  explaineil. 

RAPIDITY  OF  FIRE  AND  NUMBER  OP  MEN  EEQUIEBD  TO  WORK  THE  GUN. 

In  all  the  firings  at  Sandy  Hook  there  were  three  men  at  the  gun,  one 
at  crank  and  two  supplying  the  cartridges,  which  were  fwl  from  fee*l- 
cases  holding  17  mniids,  the  teetl-cases  being  fllle<l  in  atlvance  of  tbe 
firing.    Two  men  aiv  sufficient  to  work  the  gun  if  filte4l  feed-cases  are 
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near  at  hand,  althmigh  with  three  men  a  more  rapid  tiring:  is  asenred. 
The  greatest  rapidity  was  attained  in  firing  340  rounds  in  1'  4"- 
CONCLUSIONS. 

Ar  far  as  the  system  in  its  present  shape  is  concemec],  the  Board  has 
<leci<led  that  no  additional  tests  are  necessary  to  be  made  now ;  but,  in 
new  of  the  simplicity  of  the  gun,  the  smoothness  and  regularity  of  the 
workings  of  the  different  parts  (few  in  nnraber),  and  the  general  satis- 
factory resnlts  attained  in  the  present  firings,  the  Board  deems  it  Im- 
portant that  additional  trials  be  made,  only,  howerer,  after  modiflcations 
are  introduced  in  the  system  as  presented,  having  in  view  more  especially 
the  increasing  of  the  accuracy  of  fire  and  correcting  other  impeifectious 
for  army  uses. 

In  the  opinion  of  the  Board,  the  aystem  should  (if  ftilly  practicable) 
admit  of  the  use  of  all  makes  of  ammunition,  and  the  carriage  must  be 
so  modified  aa  to  insure  greater  accuracy  of  fire. 
RECOMMENDATIONS. 

The  Board  recommends  that  a  new  gun  be  made  for  trial,  embodying 
any  improvements  deemed  practicable  and  desirable  by  the  inventor,  but 
more  especially  those  looking  to  the  insuring  of  increased  accuracy  of 
Jre  and  increased  stability  of  the  system ;  the  gun  and  carriage  to  be 
ordered  by  the  department,  and  the  Board  to  be  consulted  as  to  general 
features  and  details  of  the  system. 

Appmroix  A. 
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WOUKIXnS  OF  CARTRIDGES. 

Of  tlie  Briilgri)^^  rHrtriil}n>s  fired,  6  burst  at  rim  witliout  Icnk  of  gaa,  and  one  burst 
ill  liody.     Niiiie  failiMl  to  t>X|i1ode. 

Of  tbe  Lowp]],  14  burnt  iu  body, 
In  ex|ilodp,  l:)  of  wliich  uuiuber  J 
.SpriQ)r|i<'ld  liHf,  Hrat  blow. 

The  Board,  iu  its  rei>ort  of  November  8, 1877,  ou  tbe  Lowell  l>att<?ry 
gun,  recommended  "  that  a  uew  kiui  be  made  for  trial  eiubodyiug  any 
uuprovemeuts  deemed  practicable  aud  desirable  by  the  inventor,  but 
more  e-iitetaally  those  looking  to  the  iiisnriiig  of  increased  aceiuracy  o£ 
fire,  and  increased  stability  of  the  system ;  the  gun  and  carriage  to  be 
orderetl  by  the  department,  and  the  Board  to  be  eonsuited  as  to  tlie 
general  features  aud  details  of  the  systeui." 

The  Board  was  induced  to  make  these  recommendations  iu  conseqnence 
of  a  want  of  stability  develoi>ed  iu  the  flriups  with  the  gun  and  carriage 
sabmitted,  particularly  in  the  ball  aud  socket  joiut,  by  uieans  of  which 
the  gun  was  connected  with  its  carriage. 

This  recommendation  of  the  Board  ha\'ing  been  api)rored,  and  a  guu 
and  carriage  ordered  by  the  Chief  of  Orduauce  uiidei-  «late  of  November 
19, 1877,  the  Board,  after  consultation  with  the  Lowell  Gun  Company, 
decided  u^mu  the  details,  &c.,  which  were  carried  out, 

In  tbe  matter  of  a  carriage,  tbe  Board  decidetl  to  mount  the  gun  n]>on 
a  C-pouuder  field  carriage  to  be  selected  from  any  on  hand  iu  the  depart- 
ment. 

GVS. 

Tbe  giui  itself  is  iu  general  features  tbe  sauie  as  that  described  in  the 
report  of  the  Board  of  November  8, 1877.  It  differs  from  it  in  the  follow- 
iitg  particulars  only:  Tbe  size  of  barrels  have  been  increased  from 
l^f"  to  1]V'  diameter ;  tbe  breech-block,  which  was  IjJj"  thick,  is  now 
l^j" ;  tlie  biurel  supports  have  been  increased  from  { |"  and  i"  m  thick- 
ness to  1"  and,  1  j",  respectively,  and  the  diameter  of^  same  increased  to 
i'orresiH>n<l  to  increased  diameter  of  barrels.  The  side  bars  have  been 
inereaseil  in  size  and  streugth,  and  the  trunnions  moved  from  their  for- 
mer x>oBition,  G  inches  to  the  front,  bringing  tbem  directly  over  tbe  axle. 
Tlie  bari-el  tniunion  plate  has  also  l>een  movwi  forward  about  2".  A 
slight  change  has  also  been  made  in  the  cocking  plate,  to  obviate  danger 
from  premature  explosions.  These  changes  are  shown  on  Plate  VlH 
accompanying.    The  weight  of  gun  without  carriage  is  215  jiotutds. 

CABBIAGB. 

The  desire  of  the  Board  being  to  test  simply  the  gun,  it  was  decided 
to  put  it  ni>oti  a  stable  carriage,  diBi>eiising  with  ball  aud  socket  Joiut, 
and  connecting  as  iu  the  "  Catling."  A  6-ix>nnder  field  gun  was  there- 
fore prociu*<l  from  Waterv'liet  arsenal  and  sent  to  Chicoi>ee,  that  the 
Lowell  Gun  Company  might  attach  the  gun  to  it.  To  prevent  the  elevat- 
ing screw  from  tuniing  during  firing,  a  clamp  was  attached  through  the 
trail,  by  means  of  which,  when  the  jumper  elevation  has  be*n  given,  the 
screw  is  fli-mly  held.     (Plate  IX.) 

RESULTS  OF  FIRING  AT  SANDY  HOOK. 

Ou  the  &th  of  April,  1878,  the  gun  was  fii«d  deliberately,  five  series 

of  1,003  rounds  each,  into  a  sand -butt,  to  test  the  mechanism  of  the  gun. 

Daring  tliis  tiring  the  extractor  tore  throngh  the  rims  of  3  cartridges, 

25  0RD  , 
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failinK  to  extract  them,  Imt  they  were  readily  remored  by  tipiw  iLf 
>)ari-eb)  nii  their  tniiinidiiK,  and  introdiiciug  a  rammer  from  tlK  t'Mui. 
Diiriiiff  the  necoiwl  series  the  barrels  were  eliaujred  twice,  in  tht  iwuaiwk 
but  once.  Tbo  average  time  lost  in  eliau^ng  the  barrels  was  aluMit  17  ■. 
and  the  average  time  i»ceui)ie<l  in  flniif;  each  aeries  of  1,003  roomklf* 
the  delays  above  I'etcnt'd  to,  was  4'  i^ij". 

To  test  tbii  rapidity  of  Are,  eii  series  were  flre<l,  the  greatest  mmi'-t 
firetl  in  any  single  minute  being  iHiH  cartridges,  an  average  nf  ibrins 
even  minutes  giving  ;132  cartridges  fired  i>er  minute;  these  fonrwnr- 
were  fired  by  diffeivnt  men  doing  their  best. 

The  gun  was  then  fired  at  targets  52'  by  11'  made  of  1'  sjimi*  1»op1-- 
at  distances  of  200,  500,  and  1.000  vards,'witb  the  following  Tm\\< 

At  the  200-yard  target  1,007  shots  in  aU  were  fired.  Total  hit*  IM. 
niifls  fires  3,  with  oseillutor  set  at  ftill  plav.     (Plate  X.) 

At  the  500-yanl  target,  total  shots  1,003,  total  hits  832,  miss  fin- 1". 
During  the  firing  at  this  target  the  oecUlator,  which  was  set  at  kill 'i- 
play,  worked  loose,  and  the  latter  half  of  the  series  was  fired  witl  ibi 
gun  at  full  traverse.    (Plate  XT.) 

At  the  1,000-yanl  target,  total  shots  1,003,  total  Wta  605,  of  rticfc.-!* 
were  direct  aiid  87  ricochet,  miss  fires  20.  The  traversing  mtrtoi-"- 
was  set  so  as  to  allow  of  no  play  {Plate  XII).  An  average  of  H'*'!' 
gave  a  velocity  of  1,298  feet  i>er  second. 

In  all  10,041  cartridges  of  Frankford  Arsenal  manufactore  »Mf  wi 
with  but  one  fiiilure  due  to  the  ammunition,  which  was  causri  t'y  tit 
absence  of  vent  boles  in  cup  anvil. 

There  were  in  all  the  firings  60  miss  flres  in  the  gun,  all  of  whrirt 
plode<l  in  Springfield  rifle  on  first  trial  except  4,  3  of  which  eipWrf  •* 
second  trial,  and  the  other  being  the  one  above  referred  to  aahsiiiif '■' 
vents  in  cup  an^il. 

Comparing  the  resnlts  shown  above  with  those  ohteined  in  Srft^^ 
and  October  last,  and  reiwrted  upon  November  8, 1877,  itwiHt*"*^ 
that  the  last  average  velocity  is  greater  by  32  feet ;  that  the  npi*T " 
fire  is  about  the  same.  The  acenraey  is  better  than  that  ohoimd  ij 
September  and  October  last  at  500  and  ]  ,000  yards,  as  will  V  i«<^  ^ 
an  examination  of  the  following  table : 
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The  board,  in  concluding,  find  that  in  consequence  of  the  alt^nr." 
made  in  the  gim  its  acenraey  and  efficiency  have  been  impiwTvd.  i« 
tictdary  at  600  and  1,000  yards ;  that  tlie  gun  is  more  readflv  wrt 
and  is  now  capable  of  using  any  metallic^  ammnnition.  Heimi'-rf 
tion  noted  in  regartl  to  the  oscillator  when'flring  at  500-yard  xup^  • 
board  does  not  deem  of  any  importance,  as  it  can  be  mtdily  ronrd 
in  fiiture  constructions. 

BECOHMENDATIOirS. 

In  view  of  the  favorable  results  of  the  trials  at  Sandy  B»^-  i 
board  recommends  that  a  number  deemed  sufficient  by  the  df[um.4 
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of  the  .45"  caliber  gtius  be  procured  from  the  Lowell  Gmi  Conipaov,  with 
ill  tlie  late.st  improvements,  ami  sent  to  Wiiter\iiet  Ai-seiiai  to  bo 
uoiiiit<Hl  on  frnn-cari'iaces  a^laptetl  for  tlu>m,  ai»l  tliat  the  puns  and  ear- 
iifros  Biiitably  eqiiipi>wl  Iw  put  in  the  field  tor  oouiparison  with  other 
aairltiiie  gnus  now  on  trial  in  senice. 
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.VrPEXDIX  SI. 

TRIAL   OF    THE    TAYLOR    BATTERY    Gi:>',    CALIDER    .J3, 
.MAY   6,   ]S7S. 

(Seven  plates.) 

DESCBU'TIOM   OF  THE   TAYLOR   BATTERY    GIN,  CALIBER   0".43' (FUR- 
NISHED BY  THE  IirVENTOR). 

Tiii«  (Jim  is  an  iiiveittiou  of  James  P.  Taylor,  of  Teimessoe. 
Plate  I,  Yig.  I,  of  the  at^tMinipaiiyiiig  drawings  is  a  persi>ective  ^ievr  of 
the  {nin  iii>on  its  carriafjc. 

I'late  II,  Fig.  II,  represents  a  vtrtical  longitudinal  section  tliroiigh 
rlip  l>ree<!li  of  the  same  in  a  central  plane. 

Plate  III,  Pig.  Ill,  represents  a  vertioal  transverse  setrtion  on  the  line 
.t-.l.  Fig.  II,  liMking  rear^vai-d. 
Fig.  iv  is  a  }>Ian  view  of  a  xtortion  of  the  same. 
Fig.  V  is  an  elevation  of  a  cartridge-case  or  package  as  s)iipi>e<l. 
Fig,  VI  is  an  elevation  of  the  same  as  openeil  and  passed  to  the  gun. 
Fig.  VII  is  a  }>Ian  of  the  same  empty. 

Tlie  Taylor  machine  gun,  as  shown  in  the  drawings  alwve  refernnl  to, 
has  in  the  gnn  proper  a  horizontal  range  of  parallel  rifle  barrels,  li,  five 
in  number,  of  0"A3  caliber,  seeiu^ly  nnited  to  eaeh  other  and  to  a  hollow 
breech,  C,  wLicIi  contains  the  firing  mechanism,  &«„  and  snpiHirts  upon 
its  top  the  cartridge  hopper  H.  A  hand-crank,  ef  (Fig,  I),  at  tlie  light- 
haiid  side  of  breed),  oi>erate8  a  transverse  shat^,  K,  connuon  to  the  firing 
me<!lianism,  &c.,  of  all  the  barrels. 

Tlie  gim  lias  been  mounted  ujion  a  thoroughly  ftuiiished  field  carnage, 
as  shown  in  Fig.  I,  by  means  of  a  pair  of  trunnions,  t,  attached  to  t«r- 
warrt  extension  of  the  sides  of  the  breech  and  jounialeil  in  a  swiveled 
satltlle, «  «,  immediately  over  the  carriage  axle  and  by  a  vertical  elevating 
screw,  e  »,  raised  and  lowereil  by  a  swivelwl  hand  iint,  A  «. 

Iletween  the  elevating  screw  es  and  the  breech  a  de%ice  for  spreailiug 
tlie  fire  is  interi>OHe<L  This  deviceconsistsofaliolJow,  laterally  extemle«l 
head,  A,  SMiveletl  to  the  screw  e  a;  a  slide, «  h,  working  in  this  head  and 
attachetl  by  ball  and  sockets,  b  n,  to  the  bottom  of  the  breech;  a  hand 
lever,  / «,  extending  rearwardly  through  saitl  slide  from  a  Ailcrum  on 
said  heatl;  and  a  jiair  of  stop-jaws  within  said  head  a(\juste^to  any 
ile«ire<l  distance?  apart  by  means  of  n  right  and  left  screw-sliaft  oi>erated 
hy  a  band  wheel,  A  ir,  at  its  left-hand  end.  A  folding  seat,  /«,  uiwii  the 
tniil  of  tlie  carriage  accommodates  a  man  in  convenient  jwsitiou  to  ma- 
iii|>iilHte  the  spi-eading  lever  t  a  by  means  of  his  left  hand,  while  with  his 
I'ijrht  ''*  turns  the  firing-crank  cf.  A  foiling  breech-sight, «',  and  a  rigid 
t'l-oiit  aiglit,  «*,  are  attaclie<l  respectively  to  the  top  of  the  breech  and  to 
tlie  top  of  the  barrel  frame  F  in  line  with  the  light-liaiid  barrel.  Other 
apidirtenances  of  the  gnu  seen  in  Fig.  I  and  not  in  the  other  figures  re- 
4(iiire  no  particular  description. 

The  features  of  i>eculiarity  in  the  gnu,  apait  from  details  of  inechani- 
cnl  workmanship,  are  comprised  in  the  partM  within  ami  n]>on  the  breech. 
These  are  shown  on  a  larger  scale  in  Figs.  II,  III,  and  IV;  and  the 
jieciiliar  mode  of  packing  the  cartridges,  which  is  an  auxiliary  feature, 
is  illustrated  on  a  like  scale  in  Figs.  V,  VI,  and  VII  (Plate  III). 
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The  f^iii  is  dOMi^iied  for  center-primed  fixedamiitiuiitioiiof  a  standanl 
rifle  range;  and  im4rke4l  as  afuresaid,  the  same  is  desigiitnl  and  adajited 
to  be  distributed  iiidiHcriniiiiately  to  inlkntrj'  and  the  machine-fnui 
batteries.  Each  cjise  or  paekage  contains  twenty-five  cartridges  in  five 
I'ows  of  Ave  each,  witli  their  lieads  abutting  again.st  en<'h  utlier  at  a 
certain  distan<'e  tii)in  the  top  of  the  lower  iiait  of  the  cane,  as  illustrated 
by  Fig.  VI,  Tlic  \m\1  ends  are  kept  at  the  pntper  di.stance  a]>art,  and 
in  pmiior  xwsitiini,  as  illustmted  in  Fig.  VI T,  by  menus  of  crosse*!  strips 
of  straw -boanl  within  the  case,  which  is  of  the  same  material. 

The  ammunition  is  passed  to  tlic  guu  as  ilhistnite<l  in  Fig.  VI;  the 
heads  of  the  cartridges  being  ttrst  ]>r('ssed  for  an  instant  against  a 
gauge-plate,  g  p,  wliicli  is  elevateil  while  in  use.  as  shown  in  Fig.  I. 
The  ease  is  now  lowered,  with  the  top  row  of  cartridges  in  horizontal  or 
uearly  horizontal  i>ositions,  and  the  heads  of  all  the  earti'idges  are  thns 
instantly  arranged  with  the  utmost  &eility  behind  six  guide  fingers,  gf, 
which,  with  a  fixed  gauge-jdate,  g  j**,  Ijehind  the  same,  proje<-t8  upwaiil 
from  the  top  of  the  liopi)er  H.  The  cartridge-ease  is  immediately  with- 
4lrawn,  lea\'ing  the  cartridges  equally  distribnted  between  the  Angers, 
which  conduct  the  same  dowiiwai-d  and  laterally  to  five  fecd-iwrts.  be- 
hind and  in  line  witli  the  resi>octive  barrels.  Owing  to  the  mode  of 
packing  the  cartiidges  in  equal  rows,  it  makes  no  ditt'erenee  which  side 
of  the  case  the  flngei-s  enter.  A  gauge-slide,  ('arrying  «i)rinE -tongues 
which  project  mto  the  saitl  feed-i>orts,  regulates  the  length  of  tJic  latter 
for  ball  cartridges  and  blanks  or  for  cartridges  of  difterent  lengths, 
aud  supports  the  itout  ends  of  the  same.  Another  set  of  si>riug-b>Dgues 
are  attached  within  the  rear  ends  of  the  feed-imrts.  The  throats  or 
interspaces  between  the  flugers/p,  except  the  mifidle  space,  diverge,  iu 
order  to  distribute  their  contents,  a«  shown  in  Fig.  Ill,  and  all  thf 
hoiijwr  attachments  alwve  described  are  8ni»iK)rte<l  by  a  cam-plate, 
wluch  is  hingwl  at  its  fixmt  edg«',  so  as  to  turn  i'orwanl  over  the  Iwrrels 
to  expose  the  parts  beneath.  The  lower  part  of  the  hopi»er  is  also 
attached  to  the  breech  by  parallel  swinging  links  for  the  same  purpose. 

Beneath  the  cam-pJate  of  the  hopi>er  H  t!ie  cartiidges  are  receivwl  by 
"valves,"  A  r,  which  are  beneath  and  in  line  with  the  i«ai)ective  feed 
ports  when  the  liop]>er  is  closed  for  firing,  as  reiii'esentwi.  Each  of 
these  valves  is  comi>os6d  of  two  irfvoted  parts,  pivsaed  into  a  certain 
position  by  springs,  and  adapted  to  assume  a  certain  second  jiositioii. 
In  the  latter  jiosition  of  said  jtarts,  the  vahe  receives  a  cartridge  into  a 
trough  formed  by  the  two  parts.  In  the  first  iH)sitiou  of  said  )»arts,  tlie 
cartridge  is  dropi>e<l  into  the  bi-eech-chaniber  )>ehind  the  bore  of  tlie 
barrel.    Both  ixwitious  are  illustratetl  in  Fig.  III. 

Longitudinal  partitions,  P,  and  wall  plates,  1",  in  tlie  breech  form  the 
bi^cfa-cbambers  behind  the  res]>ective  baiTels,  ami  foiin  guides,  &c.. 
for  a  series  of  sUding  *' locks,"  L,  and  their  apianienances,  by  whicli  the 
said  bop]>er- valves  are  o]>erated  as  aforesaid  and  all  the  subsequent 
oiterations  are  performed ;  siiid  locks,  &e.,  being  actuated  by  a  series  of 
cams,  A,  on  the  shaft  S.  Said  o]M'rations  of  the  hopjHT- valves  is  accom- 
plished by  an  bicline  at  the  forward  end  of  eiuii  lo«-k-pluQger  at  to]* 
(see  Fig.  11}  and  a  con-esiwuding  incline  on  the  rear  end  of  each  i>art  of 
each  hopper- valve  at  bottom. 

"Wlien  the  Icx^k  in  the  coiTesponding  Im-ecb-chamber  is  retracteil,  tln\ 
released  parts  of  the  valve  assume  tlieir  first  or  normal  ^losition,  and 
the  caiiridge  is  dropped, 

"Within  the  said  breecb-chamlHT  the  cartridge  is  aiTeste*!  by  a  sectional 
floor,/,  of  trough  sbajie,  the  parts  of  wbnii,  like  those  of  ea*ii  hop])er- 
valve,  have  two  ^wsitions,  l>«>th  illustrated  in  Fig.  III.    In  the  first  or 
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iionual  iKtsitioii  of  said  parts  of  saitl  floor,  they  receive  the  dropi)ed 
caitndge  aa  aforesaid,  uud  supiKttt  the  ball  end  of  the  saiiie  in  line  vtitli 
the  bore  of  tlie  eoiTeHimiidinj;  barrel.  Tlie  lock  L  now  advances  and 
diives  the  cartiid^e  jmrtially  into  said  bore ;  and  then,  after  opening  the 
tiootf,  so  as  to  clear  the  flange  of  the  shell,  couiiiletes  the'  oiieration  of 
dri™ig  the  cartridge  home.  In  this  oiwration,  a  pair  of  driving  shonl- 
ders,  d  a,  (Fig,  II.)  on  the  corrcsiwndiiig  cam  A,  engaging  with  match- 
ing shoulders  vitliin  the  bifnrcated  yoke  or  carrier  of  the  lock,  caiTy  the 
latter  forwanl,  and  lateral  bevels  at  the  front  end  of  the  lock-iilunger, 
engaging  with  ciim  ai-uia,  c  n,  (Fig.  UI)  to  which  the  respective  i>arts  of 
siiid  floor,/,  aie  attached,  oik'ii  said  floor  at  the  proiwr  moment,  as 
alvove  described.  It  is  closed  by  spruigs  of  which  said  caju-anns  are 
exteiisious. 

A  pail"  of  giiide-sprbigs,  jjs,  immediately  above  each  floor,/,  Biip^mrt 
eacli  eaitridge  lateiully  in  line  with  the  corresiKHitUng  bore,  and  are 
pre.ssed  into  i-ecesses  in  the  walls  of  the  breech-chamber  by  the  advanc- 
ing front  end  of  tlie  lock. 

Each  cartridge  is  tightly  clami>e<l  in  the  barrel,  preliminary  to  fljing 
and  during  thin  oiteration,  by  means  of  the  corre8i>oudiiig  lock,  which  is 
held  for  said  pmi>ose  in  its  most  advanced  position  by  means  of  a  cou- 
centiie  i>eripheral  siuface,  on  its  cam  A,  engaging  with  matching  sur- 
faces within  the  yoke  of  the  lock.  The  iwjsition  of  all  the  parts  m  one 
bi-eech-chiunber  immediately  before  firing  is  illustrated  ill  Fig.  II,  at  the 
plane  of  section^ 

An  axial  firing-pin,  /p,  projected  by  a  coiled  spring, «/,  is  provided  in 
each  lock.  One  is  shown  in  cocked  jjosition  in  Fig.  II.  Said  pin  has  a 
bead  at  its  rear  end  to  which  a  cocking  slide  in  the  form  of  a  detent-book, 
rf  A,  is  attached  by  a  loose  knuckle  joint^  and  tlie  head  of  said  hook 
engages  with  a  detent-shoidder,  g  d,  at  the  top  and  rear  end  of  the  groove 
in  which  ssiid  hook  slides.  Said  hook  is  made  to  so  engage  by  means  of 
a  i>rqjection  or  rib,  r,  on  the  snatching  side  of  the  corresponding  cam 
A.  The  outer  end  of  this  rib  jnst  comes  in  contact  witli  an  inward  pro- 
jection, p,  on  the  heiui  of  the  detent-hook,  and  being  suitably  bevele<l, 
presses  said  hook  outward  until  said  i)rojection  clears  said  rib.  The 
book  is  subseipiently  dniwn  inward  by  the  lateral  wall  of  its  guide- groove, 
and  said  pi-ojection  is  thus  brouglit  behind  said  rib,  r.  As  the  driving 
shoulders  d  it  continue  to  act,  said  rib  supports  said  detent-hook,  d  A,  by 
means  of  said  projection,  p,  until  the  hea<l  of  the  hook  engages  with  said 
detent-shoulder,  a  d.  Said  rib  tlieu  pas-ses  out  of  contact  with  said  pro- 
jection, but  the  dotent-hook  remains  engaged  vith  the  detent-shoulder, 
and  during  the  remainder  of  the  forwiwd  movement  of  the  lock  the  flring- 
l)iu  is  cocked  by  K'ing  kept  stationary  with  its  detent-hook,  while  tlie 
remainder  of  the  lock  advanctis.  Tlie  position  of  the  paris  at  this  stage 
is  illustrated  as  afoivsaid  by  Fig.  II.  At  the  jiroiKJi'  moment,  a  tripping 
{trojectiou  on  the  cam,  comes  in  contact  with  saiil  jirojectiou,  p,  on  the 
detent-hookj  and  disengages  the  latter  fiwrn  the  detent-shoulder,  « (t 
The  tiiing-pm  is  then  instantly  projected  by  its  spring,  «/,  and  tlie  car- 
tridge is  ex]iltKled. 

For  reti-actiiig  the  empty  shells  fix)m  the  respective  barrels,  a  i>air  of 
sliding  i-etnictors  aiv  attached  to  the  sides  of  ea^ih  lock  at  its  forward 
end.  The  trout  ends  of  tliese  retnictoix  are  the  customary  beveled 
books,  and  are  adaptetl  to  spring  apart  as  they  are  fowed  jiast  the  rim 
of  the  shell  into  recesses  pi-ovided  for  theii-  recej)tiou  in  the  breech  of  each 
barrel.  The  retraction  of  ciich  lock  is  aeramplished  by  tlie  same  driving 
.shoulders,  d  «,  of  its  cam,  A,  engaging  with  matching  shoulders  at  the 
rear  edge  of  the  lock-yoke  at  bottom.    During  the  movement  thus  im- 
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partwl,  tlie  slielLretraotors  i-emain  statioiiarj-  until  the  point  of  the  firing- 
piu  is  clear  of  the  shell,  and  then,  hy  their  gitiile  Itigs  and  screws  reach- 
ing the  front  pnda  of  the  slots  wliieh  provide  said  dwi'U,  the  retractors 
travel  with  the  remainder  of  the  li>ek  and  draw  the  shell  ont  bej-onil 
the  floor  /,  tfhei-e  an  ample  oiwning,  o,  at  bottom  pro\ide8  for  its 
escajw. 

The  gravity  of  the  sliell  is  not,  however,  dejteiide*!  od,  bat  at  the 
projier  moment  an  ejt-ctor,  pivoted  in  the  toj)  of  each  lock,  striken  eatli 
shell,  and  drives  it  forcibly  ont  of  the  grasp  of  the  retractor  througli 
the  said  opening  n  beneath,  from  which  it  falls  clear  of  the  gun.  Each 
ejector  in  ojterated  by  bevel  inc>liite<l  and  sunken  surfaces  formed  on  the 
tops  of  the  partitions  and  wall-plates  of  the  breech  through  the  metlinui 
of  laterally  pnyectingpinB,^'^,  with  which  the  ejector  is  provided  ou 
the  respective  sides  of  its  pivot. 

Immediately  after  the  ejection  of  a  shell  from  a  given  chamber,  the 
lock  of  said  chamber  releases  the  corrcsiwiidiug  hopper-valve,  and 
another  cartridge  is  dei>osite<l  in  front  of  the  lock  npon  the  floor  of  said 
chaml>er  in  rea4liues«  for  the  repetition  of  the  loa^liiig,  firing,  and  shell- 
ejeefiug  operations  above  descrilx-d. 

The  cams  A  are  so  arranged  as  to  ojierate  the  locks  L  in  siiccesKion. 
The  firing  is  consequently  continuous,  while  the  hopi>er-cliaml>ers  are  all 
fed  simultaueously. 

Begiiniing  with  tlie  lock  at  the  left  hand  side  of  the  gun  iti  the  posi- 
tion in  which  it  is  shottii  m  Fig.  IV,  and  with  the  top  of  the  breech  fidly 
opeiie<l,  as  illustrateil,  the  detent-hook  of  this  lo«-k  can  t>e  spmng  out 
and  removed ;  and  after  the  dismaiitleil  lock  is  dnven  forwaird  until  a 
guide-lug  at  its  fh)nt  end  appears  in  a  notch,  z,  the  lock  can  he  lifted 
bodily  out  of  the  bivech.  Access  can  then  be  had  to  the  detent-hook  oi 
the  nest  lock,  and  in  like  manner  all  the  locks  can  thus  be  removed  in 
sneccssion. 

The  hand-crank  c/of  the  shaft  S  is  attacliwl  by  a  spring-catch,  y,  so 
as  to  render  it  quickly  removable  at  will  to  render  the  gim  inoperative 
temporarily ;  and  the  bearings  of  said  shaft  have  caps,  x,  attachwl  by 
screws,  so  as  to  render  the  shaft  with  its  cams  remoiable  after  the  locks 
are  taken  out. 

Tlie  partitions  P  of  the  breech  can  now  l>e  lifted  out,  being  simply 
held  iu  place  by  dovetailed  sockets,  tr,  at  both  ends  of  each,  as  shown 
in  Fig.  IV,  and  the  wall-plates  1**  1",  which  fonn  tlie  outer  guides,  Ac, 
can  be  removed,  being  attached  by  four  screws  in  each  side  of  the 
breech. 

Tlie  gun  can  thus  be  vcrj'  quickly  dismantle*!,  or  access  can  l>e  hail 
to  any  of  its  working  parts  at  will;  and  if  either  lock  should  become 
disabled,  it  could  be  quickly  i-enioved  and  the  others  woidd  then  l>e 
effective. 

The  gun  is  adapte<l  to  be  made  with  any  desired  nura\>er  of  barrels 
without  change  of  phm,  and  the  parts  belonging  to  the  respective  bar- 
i-els  may  be  interchangeable,  so  as  to  be  substituted  for  «ich  other  or 
replaced  from  the  manufactory  with  the  utmost  facihty. 

Other  general  advantages  claimed  for  the  gun  are : 

(1.)  Economy,  great  certainty  anil  rajiidity  in  loading,  owing  to  the 
transfer  of  the  amnumition  directly  to  the  gun  from  simple  jiaper  boxes, 
n  which  the  same  is  packed  for  transiwrtation  at  the  cartridge  factory. 

(2.)  Simplicity  and  compactness,  with  certainty  iu  the  firing  and  shell- 
ejecting  mechanism. 

(3.)  EfTective  supiKtrt  against  recoil  in  line  with  the  respective  barrels 
as  afforded  by  the  operating  cams. 
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(4.)  CoiivenieiK'p  of  access  to  the  working  parts  of  the  gviw  witliout 
dismaiitliiic  the  same. 

(5.)  Simplicity  and  con\enieiicc  of  means  for  iiic)ni)iiilaring  the  gitn in 
Action. 

S|>ecial  featnres  of  ])resent  fpin : 

(1.)  The  combination  of  tlie  Vireech-block.  the  twries  of  haiTels  an-arfged 
iu  a  horizontal  plane,  the  sliding  Iwks  or  plungei-s.  and  the  cams  or  ec- 
centrics carrietl  liy  a  shaft  transverse  to  the  barrels,  and  actuating  the 
locks  or  plnngers  in  sneccsaion. 

(li.)  Tlie  cams  constnictwl  \rith  concentric  front  and  rear  portions  to 
(^anse  a  dwell  of  the  phinger  at  ea<'h  extremity  of  its  stroke. 

(.1.)  The  breerh-ft«me  constnicted  with  removable  longitudinal  bars. 

(4.)  A  feed-plate  constructed  with  flangetl  grooves  or  guides  adapted 
to  receive  and  draw  the  cartridges  from  the  cases  in  which  they  are 
packed  and  convey  them  to  a  feed  o|>cning  or  oitenings  of  suitable  char- 
acter. 

(a.)  A  hop]»er  or  feeder  constructed  with  flanges  or  groo\e3  for  the 
ret'ei)tion  of  the  ciirtridges  and  divergent  throats  to  (conduct  them  to  the 
1 » reech-ch  amber. 

(0.)  A  fee<ler  for  machine- gnus,  consisting  of  a  series  of  parallel  bars, 
with  spaces  for  the  antonmtic  arranging  or  ussembling  of  the  cartridges 
with  their  points  in  corresponding  jiositioiL  preliininaiy  to  their  iutro- 
dnction  into  tlie  breech  or  charge-ehamber. 

(7.)  The  blades  or  Angers  for  drawing  cartridges  by  their  flanges  fl-om 
cases  in  which  they  are  i)a<'ke<l. 

(«.)  The  combination  of  a  series  of  ranis  carried  by  a  through  shaft, 
and  a  series  of  followers  bifurcated  to  pass  the  stud  shaft  when  operated 
liy  the  earns. 

(9.)  The  cams  with  their  shoulders  in  cond)iiiation  with  the  lock-car- 
riers or  yokes  and  their  shonlders  acted  on  liy  the  said  cams. 

(10.)  The  sliding  lock-carriers  or  yokes,  each  having  a  bifurcation  to 
adapt  it  to  jmiss  the  shaft,  and  a  veitical  slot  for  the  passag-e  of  the  oiw- 
rating  cam. 

(11.)  Tlie  combination  of  the  ojieratiug  cams,  the  lock-carriers  (or 
y<ikes)  and  the  sliding  Iwks  or  plungers  constnicted,  connectetl,  and  ope- 
rates! as  slionn.  * 

(12.)  The  feeding-hopper  provided  with  the  oscillating  valves  in  com- 
bination with  the  sliding  locks  or  followers  and  their  top-plates  for  oi>e- 
rating  the  said  vahes. 

(KJ.)  The  comliinatiou  of  the  flring-phis  and  the  removable  cocfcing- 
slides. 

(1-1.)  Tlie  spring  guiding-jaws  in  combination  with  the  tlring-chambe  rs 
and  extractors,  and  the  ejectors  for  knocking  the  shells  ont  fiiom  between 
said  jaws. 

( l'>.)  Tlie  plate  or  blade  projecting  down  within  each  ho])per-tliroat  to 
stTve  as  a  guide  for  the  iKiints  of  the  cartridges,  and  ailjnstable  by  means 
of  a  set-screw  to  suit  cartridges  of  different  lengths. 

(10.)  Tlie  combination  with  the  guide-i)lates  or  fingers  and  the  fixed 
back  iilate  of  the  extension  gauge-i»late  to  scn'e  as  a  guide  in  iiitroilncing 
the  cartridges. 

I'ROPOSED  JlODIFirATIOSS. 

Fig,  VIII,  Plate  IV,  accompanying,  represents  a  vertical  longitudinal 
secti<m  of  the  breech  of  an  improved  gun,  which  was  illustnitetl  by  a 
wooden  model  at  the  test  of  the  gun  above  described. 


..Google 


3i)4        BEPOBT  OF  THE  CHIEF  OF  OKDNAKCE 

Fig.  IX,  Plate  V,  rcprcseiitw  a  vertical  ti'ausvei^He  wctiou  of  the  same 
on  the  line  3-3,  Fig.  VIII. 

Fig.  X,  riiite  V,  is  a  i>ian  ol'oni-  of  the  bitecb-cl lumbers  and  the  parti* 
therein. 

Fig.  XI,  Plate  IV,  is  a  ix-i-siiectivo  \iew  of  iMwtiinis  of  one  of  the  im- 
proved shell- ex  tract  or.s  and  their  a]ij)iiitennuee8. 

Fig.  XII,  Plate  IV,  is  a  top  view  of  the  siime  iwrts. 

Fijis.  VIII  and  X:  111  rejii-esents  the  ban-els;  2.  thebreeeh-bloek;  3, 
the  breerli-fraine ;  4,  the  la-eech-i'over ;  u  o,  hojiiier  flutJi'i-s ;  t»,  lixetlj^auge- 
plate  betiiiid  fingers  5;  7,  extension  gange-phiteti ;  "',  set-aerews  for 
lioliling  tlie  latter ;  8,  the  aetuating-eaius ;  y,  their  shatt ;  10,  the  isUduig 
lockis  or  followeix;  11,  the  diiving-vrank ;  12,  sliuuldeif  or  flaiifrex  on 
cams  8;  13, 14,  lugs  or  flanges  engaged  by  12;  lo,  the  bifurcated  lock- 
caiTiers  or  yokes  which  are  provided  with  13, 14. 

Each  sliding  lock  or  fuUo^ver  caiTies  a  fiiing-]>iit,  17,  attache<l  to  a  shite, 
IS,  which  works  withui  the  lock-carrier  ir>,  and  i«  formeil  with  a  later- 
ally-projectiiig  lug,  ID,  with  which  en^ges  a  latch,  20,  pivoted  at  its 
lower  end  and  made  sufficiently  elastic  to  admit  of  it  beiug  deflecteil 
laterally  to  release  the  lug  19.  Iti  is  a  rod  sliding  withlu  the  lock-c-ar- 
rier,  and  groove<l  longitudinally  on  oue  side  so  as  to  work  over  a  giuding- 
pin,  which  limits  its  forwanl  nioveineut.  21  is  a  verticallj-  sliding  sto]» 
held  in  itosition,  as  illustrated  in  Fig.  VIII,  by  a  spring-cateli,  21%  and 
serving  to  receive  the  unpact  of  the  forwaixl  end  of  the  shdiug-rod  Iti 
at  each  forward  stmke  of  the  lock-eanier,  so  as  to  press  baek  Uie  lateh 
20,  caiTying  with  it  the  fliing-pin  17,  hi  readiness  lor  the  firing  action, 
which  is  eflecte«l  by  the  contact  of  the  side  of  the  revohing  caiu  with  a 
projecting  end  of  the  latch  20,  thi-owiug  the  latter  ofif  from  the  lug  19, 
and  thus  releasing  the  fldiig-pin.  22  is  the  spring  by  which  the  firiug- 
piii  is  driven  forwai-d  when  releaseil. 

By  retracting  the  S]iriiig-catch  21*  the  stop  21  may  be  di-awn  down  as 
illustrated  in  dotted  lines  in  Figs.  VIII  and  IX,  so  that  it  will  ofier  uo 
resistance  to  the  sliding-rod  lU  when  it  is  desji-eil  to  suspend  tlie  oi>era- 
tion  of  the  firing  mechanism.  At  each  backward  stroke  of  the  loek- 
caiTier  the  lug  19  of  the  firiug-pin  slii»s  i>ast  the  laterally-sliding  lateh 
20,  so  as  to  be  caught  thereby,  the  bat^kward  luovenieut  of  the  latch 
being  stopi>ed  at  this  point  by  contact  with  the  shaft  9. 

The  cartridge -extractor  consists  of  a  pair  of  jaws,  23  (Figs.  IX  and 
X),  fitted  on  each  side  of  the  sliding-lock  or  Ibllowera,  aiul  having  lim- 
ited lougituduial  play  thereon.  These  jaws  slip  over  tlie  flange  of  tlie 
cartridge  when  the  slidiug-loek  or  follower  comes  in  contact  therewith, 
and  pass  with  it  into  the  breech-chamber,  pa^wiug  between  a  i>air  of 
cheek-plates,  24,  which  ai-e  carrieil  by  a  rod,  25,  attached  to  a  yoke,  2l>. 
actuated  by  a  cam,  27,  on  the  driviug-shaft  0,  in  sucli  a  manner  that  when 
the  jaws  23  are  recpiireil  to  hold  the  cartridge  flange  firmly  for  the  pur- 
l>ose  of  withdrawing  it  &oni  the  gnu,  tlie  cheek-plates  24  will  ailvance 
onlioth  sides  of  the  jaws  so  as  toUohlthem  firmly  to  their  work.  In  Fig. 
XII  tlie  cartridge  extractors  are  shown  iu  au  iiitermeiliate  position, 
which  they  reach  shortlj'  after  the  coiunieneeineiit  of  their  forward  nio- 
tioii.  They  then  pass  forwai-d  between  the  cheek-plates  and  aroutui  the 
flange,  after  which  the  cheek-iilates  are  iuoveil  foi-waixl  to  the  obUtiue 
shoulflers,  where  they  are  finidy  held,  so  that  when  the  jaws  are  re- 
tracted they  ai-e  presseil  tightly  iH'tweeii  the  plates,  thus  eflW-tually  pre- 
venting the  escape  of  the  cai-tridge  shell  from  the  jaws.  The  cheek- 
plates  afterwai-d  i-eceive  a  backwanl  motion,  so  that  the  spiing-jaws 
may  be  fi-ee  to  pass  over  the  tiange  at  theii-  next  Ibi-ward  luoveiiient    The 
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forwaiti  position  of  tlie  parts  which  thfy  occupy  iii  retracting  the  Bhell, 
in  reattinesR  for  its  ejection,  is  represented  in  Fig.  XI. 

28.  28,  rei>resent  the  hopper-valves,  and  29  their  springs. 

Kaoli  of  the  ejectors,  hy  which  the  shells  are  expelled  from  the  gun 
after  they  are  extracted  by  the  retracting  followers,  consists  of  a  lever 
of  peculiar  sliape  constnicted  with  a  long  horizontal  arm,  30  (Fig.  XIII, 
Plate  V),  and  a  short  vertical  arm,  31,  the  latter  of  which  projects  into 
a  groove  in  the  top  of  a  sliding  follower,  and  receives  the  impact  of  a 
pill  or  tappet,  35,  just  before  the  follower  reaches  the  rear  teimination 
uf  its  stroke  so  as  to  imi>art  a  sudden  downward  movement  to  the  hori- 
zontal arm  30  and  strike  the  shell  with  a  ehari)  blow,  throwing  it  qtuckly 
ft-om  the  gun.  This  effect  is  assisted  l>y  the  spring  guides  32,  32,  be- 
tween whicli  the  cartridge  shell  rests,  and  which  are  pressed  together  by 
their  elasticity,  afiurding  sufficient  resistance  to  tlie  ejection  of  the  car- 
tridge to  cause  it  to  lie  thrown  out  with  a  more  rapid  motion.  The 
spring  guides  32  also  serve  to  center  the  cartridge  in  the  loatUng  cham- 
ber in  line  vntli  the  axis  of  tlie  tiring-chamber,  in  readiness  to  be  in- 
serte<l  therein,  ami  secure  it  against  dipping  and  falling  out  when  the 
gun  is  elevated.  They  serve  also  as  guules  lor  the  extractors  and  the 
cheek-plates  which  hold  the  same. 

Xi  represents  the  at^usting-plate  of  tlie  hopjier,  and  34  its  clamp- 
screw. 

The  o]>eration  of  the  parts  is  graphically  illustrated  in  Figs.  VIII  and 
IX,  and  requires  no  further  des<^'riptiou. 

Fig.  IX  also  illustrates  another  proi>osed  cliange,  to  wit,  the  making  of 
the  divergent  itassages  whicli  lead  trom  the  feeding  lingers  cur\'ed  instea^l 
of  angidar  and  of  greater  height,  so  a^  to  more  fully  insure  the  free  move- 
ment of  the  cartridges  in  the  outer  x>assages. 

Fig.  X  illustrates  still  another  change,  which  consists  in  making  each 
lock-carrier  or  yoke  single  and  of  one  piece,  iiistea*!  of  double  and  of  two 
l»ie<ws,  as  heretofore. 

The  a»lditional  claims  as  to  originality  allowed  on  the  above  improve- 
ments are  as  follows : 

(1.)  Tlie  lock-carriers  or  followers  10,  constructed  as  herein  shown 
and  describetl,  and  carrying  the  fliing-piiis,  and  the  devices  for  retracting 
and  releasing  the  same,  as  explained. 

(2.)  The  combination  of  spring  tiring-pin,  tliclatch,tlte  sliding  rod,  and 
the  stop,  with  the  cam  a«lapted  to  retract  said  latch  and  cause  the  dis- 
charge of  tlie  piece,  tu*  explaineil. 

(3.)  The  combination  ^ith  the  flring-pin,  slidiiig-rod,  and  latch,  of  a  re- 
tractable stop  to  t>re\'ent  the  oi>eratiou  of  the  flriug-meehauism  when  de- 
sired. 

(4.)  A  machine- gnu,  pro\~i<le<l  viith  cartridge  extractors,  23,  and  a  lock- 
ing device,  24,  moved  relatively  to  the  said  extractors  by  an  iudei>end- 
ent  conntHitiou  with  the  main  shaft,  substantially  as  set  forth. 

KK-SULTS  OP  FIKISO  AT  SANDY  HOOK,  KBW  YOEK  HABBOK. 

(See  Appendix  A,  and  Plates  VI  and  VII.) 

(Ill  the  ICtli  of  May  the  gun  was  flred  for  initial  velocity,  using  folded 
heati  cai'tridges,  an  average  of  10  rounds  giving  a  velocity  of  1,297  feet 
Itev  s^-cond.  The  gun  was  then  fli-ed  to  test  Its  luecliauism,  1,000  rounds 
eaeh  of  folde<l  and  solid  beu.d  cartridges  lieing  used.  During  the  firing 
of  the  tti'st  series  the  gun  was  clogged  four  times,  caused  by  cartridges 
not  diiijiping  into  proi>er  iiosition  to  be  forced  into  the  chamber,  and 
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during  the  seconil  sories  tlie  giin  was  elogRfd  six  time«,  due  to  the  same 
cauMf,  one  of  the  nix  cartridges  jaiiiniiu^  in  the  ehanilier. 

The  next  firinga  were  for  rapidity,  iiHing  850  solid  ami  1,077  foldeii 
hea<l  partridges,  or  l.ifJl  tii  all ;  the  greatest  luiiiilier  tire«l  iu  any  single 
minute  l>eing  43!(.  During  the  firings  tor  rapidity  I'onr  (lelays  oc-curred, 
due  to  the  cartridges  not  <lrop]iing  from  feebler  into  a  ]troi>er  iKtsitioii 
to  be  forc«<l  into  the  (rliamberj  thnmghont  all  the  firings  these  delays 
occurred,  generally,  if  not  invariably,  at  the  end  feedei-s. 

One  thousand  i-ounds  were  next  fire<l  at  a  target  o'J'  by  11',  1'  spnice 
lioards,  distant  200  yanis  from  the  gun ;  all  hit.  The  gun  was  traversed 
about  one-half  its  limit.  Two  delaytt  iliuing  firing,  due  to  clogging  of 
cjirtridges.     (See  Plate  VI.} 

One  thousand  rounds  wen>  also  firetl  at  a  similar  target,  distant  30(1 
vards ;  total  nnml»er  of  hits  770,  the  gun  tmversing  alxjut  ono-thinl  its 
limit.    {See  Plate  Vll.) 

In  all  the  delaja,  with  one  exception,  it  was  necessary  to  lift  the  plate 
holding  the  feed  in  order  to  get  at  the  caitri<lges  causing  the  ti'oubie. 

OPINIOS  OF  THK  BOARD. 

Tlie  Taylor  battery -gnu  is  an  ingenious  and  pi'oniising  matrhine-guii, 
but  with  the  jn-csent  aiTangemeut  for  tmliiig  the  cartridges  it  does  not 
compete  favorably  with  other  better  iiertected  machine-guns  that  have 
Iveen  ofl'ereil  for  test  before  the  Board.  It  is  prol>able  that  a  more  ]>er- 
fect  feed  can  be  ettw'ted  for  the  service  of  this  giin  by  the  inventor ;  im- 
til  this  is  accompli she<l,  however,  the  Board  cannot  re^'umniend  the  pro- 
curement by  the  Uuited  States  of  any  of  these  giuis  for  serWce. 


APPE>1>IX  A. 
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Btcord  offiriMf)  irirt  Ta^lor-haUerg  gvii,  if'c. — Coiitiiiu<Hl. 


Spwiiil  r<-n» 
HK  i^lK^'r  .III 
lu  llinlit,  K. 


CArtrfdgA 


Two  •Irlavo  riniu 

thedrlaynflKi 
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1iBi1natfiil1.munip«ri' 
IwlrlplHvthcnlnPBfci 
ul^t4^  ton  minutf ,  au< 
vunDtthfnInworkL 
GnnMnnwiUtfnilijMl 
by  rartridgP  not  ilrop 
proper  poHiIioii  lo  bo  fi 


(Irlay,  raniMHl  by  F«rttidEP 

>l  rlToppiii^  iiLlo  proper  poAi- 

>u  [o  tw  forced  iolo  cojunber. 

;  FlrHl  «t  SOOyani  tareel  foracfomry: 

1,000  bits  ^  targcT.    Osclllatar  iwt 

I      at  \.     Tvo  dflnys.  uiDiiod  by  i-«r- 

tlun  to  be  forced  into  ebunb^r. 
.    Fired  at  500-vari  Untel ;   776  hit"  In 
I      Urftot.  Oneillatarx'tati.    Oiie  mlii- 
fln-;  Due  Ured  to  oaiuplBt«  tb«  thuu- 


In  all  tbe  delays,  iiilh  tbe  nception  of  the  oue  of  two  awotuls.  In  Ibe  aerie*  of  Z^  It  wan  nec««aaiy 
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APPENDIX   SU. 

TUIAI.  OF  VrsKH  JULY,  1877,  TO  AUGUST,  1878. 

(Twenty  plates.) 

Okwriptios  op  Fuses,  with  Plates  a;nd  Records  of  Firiko. 

|X(iTE. — At  tlie,  re()ue«t  of  Dr.  Womlbridfie,  the  ileacription  of  this 
^f  ha«  Iveeii  left  tiut.    Tliis  will  explain  th«  absenee  of  Plate  XX. J 

HOTCHKI68  PERCUSSION  FUSE. 

(Plate  I.) 

Consists  of  a  metal  bocly.  A,  closetl  at  the  front  end  with  a  screw-ca^ 
;  it  has  a  conical  bole  at  the  rear,  which  is  closetl  mth  a  lead  plug,  O 
le  safety-plug),  presseil  in  very  tightly,  so  that  the  plug  projects  a  lit- 
;  through  the  trase  of  the  bodycafie,  toward  the  inside. 
The  plunger  I>  is  composed  of  lea<l  cast  iuto  a  brass  casing  to 
wiigtlien  it,  and  to  prevent  the  lead  being  upset  by  the  shock  of  dis- 
arge.  Two  brass  wires,  F,  caat  into  the  lead  on  opposite  sides  of  the 
fuiger,  hold  it  su8pende<l  in  the  case,  the  wires  going  through  the  holes 

the  Imttom  of  the  case,  and  being  held  securely  in  position  by  the 
fety-plng.  The  plunger  has  a  nipple  cast  into  the  lead  and  is  primed 
tL  an  ordinary  percussion  cap ;  in  its  a.xis  it  has  a  powder-chamber,  Q, 
ntaining  the  igniting  charge. 

The  operation  of  the  fuse  is  thus :  The  safety-plug  is  dislodged  backward 
:o  the  interior  of  the  projectile  by  the  shock  of  discharge;  the  wires 
«n  being  not  held  tight  in  the  hole,  the  plunger  is  disengaged  and  rests 

the  bottom  of  the  fuae-case,  and  is  free  to  move  in  the  line  of  axis, 
hen  the  flight  of  the  projectile  is  suddenly  retarded  by  its  striking  any 
ject,  the  plimger,  in  consequence  of  its  inertia,  is  driven  forward,  and 
?  primer  strikes  against  the  screw-cap,  thus  igniting  the  powder  in 
;  channel,  and  so  flriiig  the  bursting  charge  of  the  projectile. 


«  awil:  S"wtought  IroD,  No.  995.    Powder:  11  pounds  of  old 
puundB  Ifi  udd<:h.    ElcTktion:  I|°. 


mortw.    Shell;  Dfer;  weight,  e 


.......  ,.. — B  tn  tnmt  ttttMTatt;  «Kplod«l  un ^. 

Direct  hit.  3'  abate.  »  rigfat:  eiplodKl  on  driklnM  gronnd  behind  tuvet. 
.,._.  ..  ..i.   .,  aiHire,  tf  lights  exploded  on  Btriking  ground  behind  tirget. 
■-' —  "--.-«.    — ^-J-:.    -iitriklng  groond  behind  tM^ 


.'Cnbove.  B'riabt;  eiplodrd  o 

^r  target,  bant  on  MnUng  gronnd. 

j  Dicvct  hK.  V  Bbove.  1'  leRt  bnrst  on  itarlklng  gronnd. 


Over  tarsct.  bunt  on  ntHkliuftiotuid. 
Direct  hit,  T  above.  V  right  :tiiiTat  In  air  aflfr  RtrHdnK  cninBd. 
I  Urect  bit,  S^  nbore.  !('  right :  bnrat  on  atiiklng  gnuni 
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Record  of  firing  irilh  ffoiritiw  j»f reunion /mict,  Jt. — CaDtinnrd. 


S'ritibt:  bont  on  RiiklDKjti 


Dlrwt  hil,  4'  lielow  HHU'r:  bum  uii  alriktni  jrniunA 

Dirvct  bli.  51'  bvluK,  )'  riilit ;  bunt  dd  slriklij);  gruiuid. 

Over  tuTjcet ;  bunt  dd  flt^dng  ^tduihL 

Dirert  bit,  4'  above,  l)'rlgbt:  bunt  on  slrlklug  Ennmd. 

Over  tariiet  -,  barat  dd  striking  eFDOnd. 

Direethrt,  Sl'below,  8'risbt,  buret  on  «trildng  gmnncL 

Over  target ;  bunt  on  Blilklng  ^touncl. 

Over  lariet ;  bnnt  on  (trtklng  grounL 

Over  tar|£i-t ;  burnt  on  ati-iklug  gmiuuL 

Dlm't  bit,  S*  hrlow.  t'  "Kbl ;  burst  on  striking  mwiwl. 
Direct  Mt,  2*  rigbt  of  center ;  bunt  ou  atriklug  grouniL 


THE  SCHENKL  PERCUSS  ION -FUSE. 

{Plate  IT.) 

Coiisi»te  of  a  metal  fuae-atock,  A,  incIoHiug  a  movable  c«K«-i#rt  -< 
steel  plunger,  B,  beariitg  a  muaket-eap,  G.  Tlie  plunger,  phnnl  i*' 
capped,  1b  held  iu  place  by  a  screw  or  pin,  D,  wliich  ]>a88ee  tbroiii  > 
liole  In  the  side  of  the  stock  and  plunger.  A  safety -cap,  E.  i8*w«ni 
into  the  toj>  of  the  fiise-stock,  aud  its  bottom  is  closed  by  a  cwk  or  hallux 
stopper,  F. 

When  the  projectile  is  set  in  motion,  the  plunger,  by  it«  inffltia.i«i»- 
away  the  pin  which  conllues  it  and  presses  against  the  bottus  li  '-^ 
fuze-stock.  When  its  motion  is  arrested,  the  inertia  of  tb«  tbi?i 
causes  the  percussion-cap  to  impinge  against  the  8irfety-cai>,  which  ^^ 
the  priming,  when  the  stopper  in  the  bottom  of  the  fuse-stock  it  hl"*'- 
out  aud  the  shell  e.xploded. 

As  a  precaution  against  danger  while  handling,  the  brass  stfH;-''!' 
ia  countersunk  ou  one  end  aud  Hat  ou  the  other.  It  iskeptvii^w- 
couutersunk  end  down  at  all  times  except  when  loading;  wl^tlu:<^ 
is  down,  should  the  plunger  become  loose,  the  perciiBsioD-c^>  >-'  P^ 
vented  from  coming  iu  contact  with  the  hard  surface  of  the  e^etrn^^ 
but  ou  being  turned  end  for  end  a  iilaue  surface  is  opposed  t«  tk  P^ 
cussion-cap,  upon  which  it  may  stiike.  There  is  a  slit  cut  inthfi"!'"^ 
the  fuse-stock  aud  cap,  which  is  designed  for  the  entrauve  of  ifc(  •»* 
wrench. 


Bk. 

lEiflen»«l:  3"w.ooKht-iranrifleNo,M5,    Powder,  llpnuM.nf mortar.    SheU;  DvW:  "rt.-U-c  - 
15  ounces.    ElevMiun:  11=] 

1 

„„,».. 

& 

Fired  »t  l,l»»-T»rd  targi'i : 
Direct  hit,  4'  below  V  rigbt^  did  not  exnlodeL 
struck  50  pftce*  In  nont;  idhahI  tbrougfi  target,  bnl  did  not  bunt  nntU  ■taribtog  at 

beyond  target. 
Under  target:  exploded  on  atrlklng. 
■" — ■  >■"  "'  -ihl,  3-  -' •"•■  —•  - 


Overtarget;  e^luded  on  striking. ~ ~ 


O'er  tuget ;  eiploded  on  gtriUng  EToniid  apeond  timF. 
Direct  iiit,  10'  rigbt,  Sf  abore)  dJifiHit  eiplode. 

Digit  zed  by  Google 
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Beeord  of  firing  vilh  Scfienkt  perounion-fiua,  ^. — Continued. 


IMnct  U^  2*  right.  4"  abore ;  bant  on  strlUug  etddu 
Stmck  llanMM  in  mmt  of  target:  bunt  on  flmEtng  ^ 
Over  tueet  i  bant  on  atrlklDg  Kntiuid  third  time, 
Stnick  40  paces  Id  boni  of  target ;  bnnt  on  striking  gr 
'^--ctbik  4'  below.  3'  left;  banit  goiuE  through  target 
cthiti  5"  rlehtof  cenleri  bnrrt  guW  throngh  tar^ 

ct  hit.  W  nght.  2*  below ;  hnnt  on  atriklag  grouni 

finwt  bit,  T  aborp  crntri ;  bnnt  on  etdklna  ground. 
IHrert  hit.  V  abovi^  Z-  right :  bnnt  on  Mrikiog  grannd. 
3uTBt  in  air  abont  300  yards  in  fiont  of  target. 


Tertargrti  bnnt  oust „_ 

INrect  hit.  4/  above,  8*  left ;  bant  on  atriUng  groand. 
IHrwt  hit,  V  above,  y  right ;  burat  on  atrll^g  gnmnd. 

™ '-lt,5'»boTee™i*r;  bnnton  atriklDggRnind. 

Lt,  i-  below,  8-  left ;  hunt  on  atriklng  ground. 


THE  ABSTBBDAH  PEBOUS3lOIf-FUSE. 

(Plate  III.) 
Consiste  of  a  metal  fuse-stock,  A,  closed  at  front  eud  by  a  screw -cap, 
B ;  a  movable  plunger,  G,  cast  around  a  cone-piece.  D,  and  a  lioUow  tin 
cylinder,  E.  The  tin  cylinder  E  at  base  of  plunger  is  cat  longitudinally, 
so  that  when  opened  out  into  recess  F  at  base  of  fuse-stock  the  plunger 
is  held  in  place  securely  until  impact  of  tlie  shell.  The  shook  of  dia- 
charge  straightens  out  the  tin,  freeing  the  plunger  which  moves  forward 
to  cap  B,  exploding  musket-cai>  on  cone-piece  which  ignites  bursting 
chfO'ge. 

Btoord  of  firing  wilA  AbiUrdam  percamion-fiuei,  nuule  at  Samdf  Hook  Augxtt  30,  1977. 
(ItUI«oaed:4i"alege-riaeNa.ll>l.    Powder:  3)ponndBDewinortarE.  Z.    Shell:  Abateidun24}ponndi' 


Fired  at  l,*OI)-yBrd  Urgel; 
Over  larwt ;  did  Dot  eiplude. 
Dlr«t  h^  T  above.  3'  left ;  did  not  explode. 
Direct  hit,  4'  above  center  ^  -did  not  explode. 

n  hit,  3^  ahove^ceuter  j  bnnt  going  thnnigh  tvget. 

a  !  IMrecthitr^right.'i'briowi  did  not  eiiilnde, 
9     Vlitft  hit,  W  left,  51'  bclow;  did  not  eiplorte. 

10  Dirvrt  hit,  4-  Irtt,  1'  below ;  burnt  going  Ihnnigh  Urgel. 

11  Direrlblt.ai'lrlt,  Ifabove;  bunt  on  nlrikingEraDnd  abont  l,OW}-aidii  bf 
IS     Din«t  hit.  4l' left,  ll*  above:  bunt  on  striking  gronnd, 

13  IMrrrt  hit.  4'left,  a'aboie^  bDntou  etriklng  ground. 

14  Ulr«rt  hit,  »  Wtt,  V  above:  did  not  explode. 
l.->     IHrR-l  hit.  V  len,  l  above;  did  not  explode. 

15  '  Uiiwt  hit.  1'  Irft,  i-  above,  bunt  on  xtriklug  grouod. 
■  ':     Diiwlhlt.  S'lrft.  T'Bbavr:  did  uiit  riplwlr. 

Uin-et  hit,  4-  left.  «f  above:  did  not  eiidodv. 


Over  target:  did  nut  exuliide, 
.  Direct  bU,  4f  li-ft  U' above :  did  not  einlndi 
:  IHm-t  hit.  1'  left.  31^ above:  biint  UD  utrlklr 

Direct  hit.  4' left.  «!■  a'    "      '■'      ■        ■    ■ 


gvei  diifu 


ant  exoliKli-. 
otexiiUe, 
■Inl  »n  Htrlklng  grnnnil. 


ibjGoogTe 
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EGGO  PERCUSSION-FUSE. 

(Plate  IV.) 

Coiisi»t8  of  the  Btock  A,  upon  the  outer  8iirfat:e  of  tbe  onter  \an  ■•■ 
wliicli  18  fonne4l  a  screw-tUreatl,  to  enable  it  to  be  screwed  into  llii-  ^U!: 
in  the  ordinarj'  tniiimer. 

The  outer  end  of  the  stock  A  is  made  close,  with  a  tlangeiouvrt.;' 
the  seam  or  joint,  and  with  notches  or  liolew  to  refeive  tlie  wnwli : 
BCiewing  it  in  and  out  of  the  shett. 

Tlie  inner  end  of  the  stock  A  is  made  open  and  is  closed  with » »-^  ^ 
plug,  B,  which  is  matle  with  holes  or  notches  to  receive  the  wrtwl;:'; 
screwing  it  in  and  out>  C  ia  the  pliuiger,  which  is  made  hoUo*.  w-  • 
provided  with  a  nipple,  D,  at  its  outer  end  to  receive  a  cap  to  wuv  rir 
shell  to  be  explodwl  when  it  strikea,  by  the forwanl  movement  nrrK 
plunger  C,  causing  the  cap  to  strike  against  the  closed,  outer  end  <f'y 
stock  A. 

The  inner  end  of  the  stock  A  is  notched  or  slotted  trauBver*!?.  ■' 
receive  the  ends  of  the  hollow  or  tubular  bar  E,  with  the  center  uf'lu't 
is  coimected  the  inner  end  of  the  short  tube  F. 

The  ends  of  the  bar  E  may  Iw  closetl  by  a  paper  imtch. » -'■■^'■' , 
woo<leu  plug,  or  other  suitable  means,  to  con&ne  the  powder  icr^^ 
ignited.  I 

The  outer  end  of  the  tube  F  is  flattened  and  contains  a  fthuim'''"  j 
be  ignited  by  friction.  I 

The  device  E  F  is  connected  with  the  plunger  C  by  a  wire ''■;' 
end  of  which  is  securely  attached  to  the  said  plunger  0,  and  ii-  '^i'- 
end  passes  through  the  tube  F. 

Tlie  outer  end  of  the  wire  G  is  flattene<l  and  roughetl  orNul"' - 
that  when  drawn  through  the  tube  F  by  tbe  forward  nioveineol "!  '■■ 
plunger  C  it  may  ignite  the  fulminate  in  the  said  tube  F  hym-i'-' 
and  thus  explode  the  shell. 

The  screw-plug  B  has  a  hole  through  it  to  recei\'e  the  tnhe  F  y 
protec^t  it. 

II  is  the  safety-pin,  which  jiasses  in  through  a  screw-liole  in  the'*'''' 
close4l  end  of  the  stwk  A  in  such  a  [Ktsitioii  that  its  forward  hpI  a 
rest  against  the  end  of  the  plunger  V,  at  the  sitle  of  the  cap-niiiiJf.  -" 
thus  holds  the  said  plunger  securely  in  place  during  traHsi)ortiit»«i  -  ' 
handling,  and  absolutely  secures  tbe  shell  from  being  expludtJ  ■•.  ' 
accidental  bhiw,  jar,  or  fall. 

The  screw-pin  H  is  reniovetl  when  the  shell  is  put  into  tbepm  ■'  ' 
fired. 


Ponilpr;  li  pouuda  of  morl 


1     Stnirk  8  inrm'la  frrait  at  turiB-t  i  nploilnt  on  Hlriklnii  m 

3  .  Sinu'k  tiiu-cBln  ftuiit  iif  lariirt;  pxiiIwIhIdii  olriklnMai 

5  IHrnt  hl(.  V  Ih'Iiiw,  V  rielK :  ilkl  not  ri|>lnlr. 

4  Stnii'kS4  nurrBln  fVnutorUrsi't:  piuIihIhI  ini  atrlklDK. 

6  IHm-t  lilt.  V  hi'liiir  n'nK'r;  illil  nut  riiiloiU-. 
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Record  t(f  Jtriig  vith  Eggo  percaanon-fuf,  ^c. — Coutimteil. 


3' right.  2^  br law; 
<l  V  riaht. 


.      fivnt  uf  tareel;  dl<l  not  burai, 

IMnctfalt;  kpyholnlV  riabt.  S'nlwvt;  did  nut  bunt.    Sabiit  atripped  in  fligbt. 


._ ,  .    ...      .O-riglit:  Ciitit 

Kiffbt  of  tAT^t:  bunt  on  ritiiklDg  groaiid. 
StrnckSnacn  in  front  cifUrKPt;  ilUI  nut  bunt. 
lilgbtuf  UrKvti  did  uot  bunit. 

17  I>liT<lbtt'  keybaird  »  U'ltiw,  3-  rieht :  did  not  bunt.    Sabot  >itripp(-d  In  flight. 

li>  Strurk  M  pu»i  Id  rruDt  uf  targPt  nnit  liunil. 

IB  Struck  K  VKtm  In  treat  of  tarftrt ;  did  not  burnt. 

20  strurk  23  pacm  in  (hmtuf  tu-eirt;  tlld  not  iHint, 

II  ,  Din-cthlli  ke.vbuInie'righMl'abavPi  ImntnniitrlkliiggniiinaMtlnic.    HabotHtrippedlafligbt. 

•i:  Struck  .10  nvin  In  Itvnt  of  tnrp't :  did  not  burnt, 

■a  DiiTct  hit,  0"  nlHV-i-.  »  rkbt :  bunt  on  olrikinii  i.T<>una. 

Ijt  Stnii-k  8  frictH  In  ttxmt  ul  target ;  bui-At  im  HEriklnft  gniimd- 

OEKMAN   PERCUSSION  FUSE. 
(Plate  V.) 

Ill  tilis  fuse  11  metiil  plunger,  A,  having  a  eciitral  fire-liole,  B,  is  let  into 
the  fti!<c-Uole  and  rests  against  the  slionldei-s  DD.  Let  into  the  top  of 
the  plunger  and  acrosti  its  center  is  a  metul  bar,  P,  having  a  iirojecting 
point  uii  its  tox)  side,  tlie  jmiut  being  in  center  of  fire-hole. 

Tlio  ^tlnjiger  is  retainwl  in  its  place  by  a  pin,  C,  which  passes  trans- 
versely into  the  fiise-hole,  tJie  side  of  wliich  is  put  in  contact  with  the 
IHHiit  of  the  cap. 

The  out<;r  end  of  the  pin  projects  on  the  side  of  the  shell,  the  projec- 
tion being  liinited  by  the  line  of  the  cylindrical  portioo.  The  fiise-hule  is 
elosed  by  a  screw-cap,  F,  having  a  small  central  screw-hole  into  which 
tlie  fiilniinate-cap,  G,  is  screwed. 

When  lired  from  a  ritle-piece,  the  centrifugal  force  generated  by  the 
revuliition  of  the  shell  thmws  out  the  pin  (J ;  the  plunger  by  its  inertia 
ia  i-etaine^l  at  the  bottom  of  tlie  chamber  during  the  Bight  of  the  pro- 
jei-tile;  at  the  moment  of  impact  the  projecting  point  on  the  plunger 
iinpingeK  against  the  fnlininate,  which,  exploiting,  ignites  the  charge  in 
the  nhell. 

Tlie  fulinbiate-cap  6  and  pin  C  are  not  appUed  to  the  shell  until  the 
instjint  of  lomling,  when  the  loader,  who  carries  these  articles  in  a  pouch, 
Kt'rews  in  a  fulminate-t^iip  and  inserts  tlie  pin,  previously  feeling  that  the 
l)liinger  does  not  stick. 

To  keep  the  biu'sting  charge  in  place  in  the  shell,  a  brass  thimble,  H, 
^ith  a  tliinge  alK)ut  the  top,  and  small  holes  in  tlie  bottom,  is  first 
pres.s<!d  into  tlie  fnse-hole  and  takes  against  the  shotdder  D.  Apiece  of 
cliitli  is  i>aste<l  over  the  lire-holes  in  tlio  bottom  of  the  thimble.  In  this 
tliiinlile  the  metal  phinger  rests. 
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Seoori  of  firing  «Uk  Gtman  pereaititm  ftuet,  made  at  SanAg  Book  Aitguti  31, 1878. 

WaaeAi  3".1S  (8  c. 


morlar.    Shflb  Kmpp  i  weight,  »  pound*  *  onnew 

.:loV.)         -        

i 

Rrnurkg. 

1 

YlirA  M  1.0OD.yiuil  Urirl : 
Bunt  In  sir  DHir  mm. 
dIw-I  lilt?  Sf  ■bovc.  2)'  riKUt^i  fmnt  jiuinii  thruuch  tart(t>l. 

_ ,  _  _  . ._.  .  ,  foing  llirmigh  targf^l- 

l>ver  tmgrt ;  bniDt  on  itriklnK  RTaiiDit. 
Oyer  tju^et  i  bonit  on  Htiiktnff  i^niiuid. 
IMrpclhll.  l|'l>i'lown>nt«r;  Ijunit  enlnn  Ibronsh  Urcpt 
nirprt  hit,  st  ■bore,  1^  Irfl ;  Iwnrt  uolnK  thnmah  larnct. 
DIrpct  bit,  Af'  aborp  ci'nlfr  i  bunt  jn^lng  throuf^  targvt. 
Otpt  bviEct ;  burnt  OD  iitriUDjc  ^etvuimI. 
Uirrct  bit,  M'  aboTa,  1'  left  i  Mint  goltiB  tbroueh  target. 
IMrKthlt,  Vaboves  1'left;  bunt  xalni  IhrouRil  tacKeL 
Direct  bit,  V  bolow,  V  rltiht  i  bunt  euRic  tbrsuali  tuget. 
IMrect  hit.  7  above,  f  ItMft:  bnrit  xmng  thnuiih  tarffet 
DIm't  lilr,  ^  right  of  crntiT ;  burnt  go&ig  thrungh  targrt. 
DIrrcthit,  I'  light  nf  Mntor;  bunt  going  thniagh  tai^et. 
DJicrt  hit,  Sf  abovt^  1'  right  i  burnt  goine  Ibnogh  taraet. 
IXnct  hit,  2'  above,  V  ri^t ;  hnnl  going  throngh  target. 
I>ir«:t  hll,  2'  below.  7  IfR  i  bant  going  through  target. 


ENGLISH  PERCUSSION  FUSES. 
(Plate  VI.) 

FETTKAN  FUSE. 
{Fig.  I.) 

The  Pettman  fuse  consiste  of  the  following  parts:  A,  body;  B,  top- 
plug;  C,  plain  ball;  D,  steady  plug;  E,  detonating  ball;  F,  cone  ping; 
G,  lead  cup ;  H,  suspending  wire. 

Tlie  steady  and  top  plugs  are  eu))pcd  in  the  center  to  receive  the  small 
plain  ball  of  brass  nire  wbicli  holds  them  apart;  and  to  prevent  the 
ball  adhering  from  corrosion,  the  cups  are  slightly  larger  in  diameter 
than  the  balL  Kound  the  top  of  the  steady  plug  runs  a  groove  filled 
with  detonating  composition,  and  two  flre-holes  pass  trom  the  composi- 
tion down  through  the  plug. 

The  eomi>oHition  in  the  annular  groove  is  covered  with  thin  sheet-braHS. 
The  detonating  ball,  which  is  coated  with  composition,  is  covered  with 
two  hollow  henuspheres  of  sheet-copper,  and  over  these  with  silk.  The 
con©  plu^  (no  longer  coned)  has  tliree  lire  holes  and  is  supported  by  a 
copper  wire  which  paHses  through  the  tube ;  but  the  hollow  of  the  latter 
is  enlarged  below  the  wire  to  prevent  ite  being  choked.  The  lead  cup 
(pure  lead)  does  not  rest  on  the  bottom  of  the  mse,  but  is  supixirted  at 
the  top  on  a  shoulder  on  the  cone  plug. 

Parts  of  tnso.  Copper.         TJu.     |     Zinc. 

Lbioa.     Ot-ea-l  Vit.aa 

Body  Mid  top  plug II    0  1    0    i       0    11 

IWuhaU 70    0     ...- 30    0 

Steady  plug I     ,    .  ,    „ 

Denobtfiug  ball  and  cone  plug (     '    "  '    "     


C.OiH^le 
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Tlio  detouatiug  compositiun  in  tlie  steady  plug  and  on  the  detonating 
boll  oonsists  of — 

PhHa 

Chlorate  ot  potash 12 

Siilithide  of  autiinony 12 

Sulphur 1 

Mealed  powder 1 

On  the  diseliarge  of  the  gnu  the  suspending  wire  is  broken  and  the 
lead  cu))  cnished  in  eonse^fueiice  of  the  inertia  of  cone  and  8tea<ly  plugs 
and  of  balls,  wliich  do  not  move  instantaneously  with  the  fuse  and  lead 
cup ;  snfticient  space  is  theri'fore  left  tor  the  disengagement  of  the  balls, 
and  on  impact  the  fnsu  ignited  by  the  concussion  of  t)ie  detonating  ball 
on  the  inside  of  the  body,  or  by  tlie  plain  ball  on  the  composition  in  the 
gixKJve  of  the  steady  plug,  whieh  eontiniung  to  move,  after  the  siidden 
check  to  the  motion  of  tlie  fuse,  presses  tlie  plain  ball  between  itself 
and  the  top  plug. — (Owen's  Modem  Artillery.) 

ROYAL    LABORATORT  FUSE. 
(Fig.    II.) 

This  flwe  consists  of  the  following  parts:  A,  the  brass  stock  or  body; 
B,  the  brass  sci-ew-plug  closing  rear  end  of  fiisc ;  C,  the  lead  plunger ; 
D,  the  t>ra8S  thimble;  E,  the  brass  satfety-wire;  and  F,  fiilminAte.  The 
bcxly  ha«  a  sohd  head,  having  on  the  outside  a  sqnare  recess  for  ftise 
wi>'ncli,  and  on  the  inside  a  sliarp  pin  projecting  ii-om  the  center.  The 
screw-plng  (B)has  a  hole  through  its  center  which  is  covered  by  a  thin 
disk  of  brass  setiured  on  by  solder;  two  small  recesses  in  the  bottom  of 
the  plug  facilitate  its  insertion  with  a  wrench.  The  lead  i)lunger  (C) 
lias  also  a  central  hole  tlirough  it,  in  the  front  end  of  which  is  placed 
the  fulminate  cap ;  the  plunger  has  also  two  slight  projections  from  its 
sides  upon  which  rests  the  brass  thimble  D.  Banning  through  holes  in 
the  heatls  of  fuse  body  and  thimble,  and  to  one  side  of  center  and  rest- 
ing on  top  of  the  plunger,  is  the  twisted  Siifety-wire  E.  In  order  to  pre- 
vent the  easy  mthdrawal  of  the  safety-.wire  a  small  hole  is  bored  into 
one  side  of  fiise  body  and  down  to  the  hole  through  which  the  wire  is 
inserteil,  and  into  this  is  pouriid  melte*!  lead.  A  strong  coi-d  facilitates 
the  extraction  of  the  wire  before  firing.  Inserted  in  a  loade<l  shell  with 
the  safety-wire  removed,  and  meeting  with  a  resisting  object  in  flight, 
the  plunger  is  thrown  forward  sheering  off  the  shoulders;  the  fulminate 
striking  the  pin  is  ignitcfl,  the  brass  disk  closing  hole  through  screw 
plag  is  blown  out,  and  the  bursting-charge  of  shell  ignited. 

Bacord  offiritig  milh  Engliah  percu*iion-f¥aeg,  node  al  Sandg  Hook  AHgast  8  and  14,  ld7S 
(Riae  ased:  3"  wranght.Iron  riflo  No.  MS.    Towder:  It  paunda  of  mortar.    StaeU:   Dy«r;  Wright, 


Tbfi  at  l.OOD-yBrd  target ; 
Burst  OD  atjiklug  ^^roimd. 

TbtaDKb  tkr^t,  struck  ground  beyond ;  did  not  bun 
Through  targi^  struck  ground  beyonil ;  illd  not  burr 
"^'imph  targi^l,  Eftmck  ground  beyond  twlct^:  did  m 


. .  _..j;  dhliu 

ground ;  did  iiot  buTHt, 


..Google 
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Record  of  firing  wUh  Engluh  percuanon-fiaei,  ^. — Continiusl. 


e     Thnineh  iHfli't;  Imnt  ..u  Ktrikln 
B  I  Over  tarsi-r :  liniiil  uii  >tiikin:  zt 

10  OvM-  UriKt,  I wu  rieorhrtu uii  lani 

11  ,  Thni.i)ih  larj^'t,  uiie  r- •  - 
13  '  ThniQuh  Urgi't,  B  — 

TbroOKliMiipt;  I 

"■ ..  ■r._»l.  ^ ^ 

_     . . in  (null  of  b»8Pt>  riiwtiettHi  tn . . .  _ 

lA     Ttinmeb  l.OOD-yMd  tartcrt.  rimrfai-ttMl  throai;!)  mil?  Uusal.  iitnirk  grDund  U-yond :  dU  >' 
IT  I  Thnmghl.OOO-ynrd  tariKt.  Ktnirk  vmuBdlH'vund,  twuHiiKfavtioa  WKlcT;  illd  niit  boM 


_.  I  Thran^hl.OOO-yiird  bii^-t.  . ^. , _.. 

18     Oxer  tann-t;  bunt  nu  ■trildns  erunnd  bcRnd. 
,„    ,«.        .  .  __  .    ..    _^ lirtblDirtbii 


Duub  turgpt,  Htruck  URKiDd  twlni  \ 

.u.ouKhtarjpfti  boralonr'-"-' 

Tbruujib  tarui-t.  >tmiik  ktd 
Struck  two  fii't  In  trarA  oi 


_..  . .  .^ — 1.  — )andt'iFl5i,  vatvruucvi  rl 

tareft  and  bnmr. 

Lgb  targvl.  Btmck  gnmnd  tvrlcf,  wat«Fance;  d 


1     Tbni<i|i1i  largt 

Z      nadvrturc«:t:    uuiat  vu  ntintiu^  Kivujju  v<\«<iuui    4urv-i>iiv  dtp 

6  '  Bnt^t  ^Ing  thnmgh  teTK-'l' ;  fun^-wim  nuU^  out  before  flriti^ 

6  IKdnntbiirxt;  tim'snf  flight  Hi  Hcondx. 

a  struck  10  f«ct  in  front  of  UrKut  and  bunt. 

7  Bnnit  goiuu  tbrnngb  target. 

8  struck  lOOlrft  bi  &ont  oT  target  and  banl. 
0  Bunt  eoLnn  thmugb  tanrct. 

10  ;  Stnivkl5n>etinfrontofUr|wtandbunt. 

11  I  Througb  target^  bunii  ou  utriklng  gronnd  Iw-yond. 

12  I  Tbmngb  target ;  bunt  t»ri  striking  gnunU  beyond. 
a     Bunt  going  Ibroagb  tjirgi'L 

„    ,    .. .„..=_.  ■K-p.iphtB--' 

H«r  200 . 

.  ^  ouKb  target. 

k  10  VBi^  In  front  uf  target  and  bant. 

k  1 01'  yanis  lu  front  of  Urgct,  ricocbetted  to  mUe  target  *i 

k  10  ft-et  bi  f^vnt  of  target  and  bunt. 
k  IS  feet  In  front  of  target  and  bnnt. 

k  30  fwt  in  front  of  target  and  bunt. 


LISSBERGER  FUSES. 

Plate  Vn. 

PERCUSSION-FUSE. 

Fig.l. 

Tliis  fuse  consists  of  a  copper  tai>eriiig  body  A,  with  enlargttl  Ir*i. 
but  ctosecl  at  the  I'ear  li.v  a  brass  screw-plug  li,  which  is  hollow  ttraii}  ■'■• 
eiitirc  length.  Fitting  this  screw-plug  is  the  brass  hollow  cylimlt-t ' 
fllletl  with  friction  comiiosition ;  the  lower  part  of  cylinder  is  olo^l.  •* 
shown  in  dniwiug.  A  wire,  I>,  wliose  lower  end  is  serrated  and  t»i«J"l 
passes  through  central  holes  in  the  screw-plug  B  and  the  m>lid  "'iln 
dricnl  plunger  E :  it  ban  its  nii]>er  end  looi>«l  to  fonn  a  shoahler  acsm-' 
the  iihinger  B.  Between  the  pliuiger  E  and  the  end  of  screw-plag  B  >  i 
disk  of  leather. 

The  lower  end  of  screw-plug  B  is  closed  by  a  small  quantity  ««'  r.6<- 
powder  and  a  disk  of  leather  preHsed  in.    The  fuse  body  has  »boal  tbi 
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ijiiine  tajier  rearward,  anil  is  iiisert#tl  in  shell  the  same  as  the  ordiuary 
paper  tiiiie-fuKe ;  when  inserted  in  a  shell  whose  flight  is  suddenly  arrested, 
the  sermted  wire  is  drsiwn  forward  by  the  plunger,  igniting  the  Mction 
composition,  antl  setting  fiii;  to  powder  charge. 

TIMB-I'USE, 

Fig.  IL 

Thi!4  is  all  oixlinary  jtaiwr  fuse,  A,  which  is  ignited  by  means  of  an 
inei-tia  igniter,  B.  The  iguit«v  B  twnswt*  of  four  parts,  the  brass  soUd- 
heade<l  shell  a,  slightly  ta]>eriiig  on  the  exterior,  having  the  holes  in  the 
hea^l  and  side  oiH^iings,  as  shown  in  draifing,  for6scai)e  of  gas;  through 
the  head  of  the  body  A  is  intnxlniwd  the  hollow  brass  cylinder  b,  whose 
lower  entl  is  cnt  and  closed,  as  shown ;  within  this  cylinder  is  the  lead 
plunger  c  and  the  friction -pellet  d. 

At  the  instant  of  discharge,  tiie  friction-pellet  is  forct^  back  and 
through  tlie  rougli-uiused  end  of  cylinder  by  the  plunger  and  the  time- 
fiise  thus  ignite<l. 


D.  «Ki.    Piiirdi^:  U  punnild  at  old  mDrtiir.    Shell:  Dfar;  weight, 


Flrfd  OT»r  water  for  tinip ; 
tinkir:  time  4i  wcniia*. 

lluBirj  lime  aj  HToniK 
llDftlr^  time  ^1  secondn. 

ninw,  S«eo 

Firrd  at  SOO-vanl  larcrt ; 
t  Eolua  throDsh  tsriret. 
utihUreM;  bHr-tonalriiang 
t  EoIde  llirough  laritft. 

KTODDd  beyond. 

king  gnmud  beyond. 


jiich  tatiri't;  bant  on  striking  ground  bevond 

Thniogta  tsrtfvi ;  did  not  bunt, 
"--nek  gronnd.  rlcochetted  Ibrough  tarsi't :  "Mil  BC 
Bck  gmnnd,  rlcochetted  through  target ;  did  nc 
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GERJIAN  TIME-FUSE. 

(Plate  Vni.) 

Fig.  1  is  a  flill-sized  side  view  of  fiise  ready  for  insertion  in  the  shell. 

Fig.  2  in  a  jtlan  of  8anie. 

Fig.  3  is  a  sectional  view. 

Figs.  4,  5,  U,  7,  aiid  8  mhow  in  detail  the  ditlei'ent  partn  of  the  tiise. 

T)ie  fbse  consists  of  the  body,  or  f\ise  t>ro{>i>r,  in  two  part^,  A  and  B, 
and  the  igniter  C. 

The  lower  part  B  is  of  lea^l  and  tin,  and  is  caKt  around  the  bra^ut  st«ui 
ay  the  upper  i>ui-t  of  this  stem  is  provi<led  on  the  inside  and  ontNide  with 
screw-threads ;  hito  thv  inner  thread  i«  s<Tewe(l  the  igniter  C ;  into  the 
outer  thi'ea<l  works  ttie  screw -a^enibling  disk  b,  which  is  prevented  froui 
turning  when  screwetl  down  by  the  braes  screw  e;  at  tlie  bottom  of  the 
brass  stem  and  projecting  from  its  center  is  a  sliaii)  pn»je«ting  pin.  /. 
The  stem  has  on  its  exterior  a  grooved  chatinel,  and  tlirough  it,  near 
the  point  of  pin  /,  radial  holes,  which  xH?rmit  the  ilame  from  fidtnuiate 
to  communicate  with  priming-chamber.  The  upiwr  part  A,  or  the  "reg- 
nlator"  of  the  fuse,  Fig.  6,  is  a  ring  of  a  trnnc»t«l  conical  form ;  it  has  a 
priming-chamber  and  a  circidai-  groove  on  its  under  side,  inclosing  com- 
pressed mealed  powder.  The  exterual  0[>ening  of  thecliamber  is  eoTere<l 
by  a  thin  strip  of  lead  and  thi,  and  the  uitema)  by  a  piece  of  paper, 
llie  rim  of  tlie  "regulator"  is  divided  into  regularly-increasing  spates 
from  2  to  22,  indicating  meters  and  half  meters.  Separating  A  and  B  is 
a  washer  of  felt.  A  channel,  g,  througti  the  lower  part  of  B,  filled  with 
rifle-powder,  allows  commnnication  between  the  burning  composition  of 
fuse  and  powder  charge  of  shell ;  the  position  of  the  upper  oi)eiung  of  this 
channel  is  indicated  on  the  rim  of  B  by  a  triangular  notch;  the  lower 
opening  is  closed  by  a  disk  of  lead  and  tin,  thin  enough  to  be  blown  out 
by  tlie  rifle-powder. 

The  igniter  C  is  composeci  of  foiu-  parts — the  brass  gtocl;  which  incloses 
all ;  the  screit)  eap  II,  which  closes  end,  Fig.  8 ;  the  leaden-shonlderetl 
plunger  K,  Fig.  7,  with  its  recess  at  bottom  to  receive  the  fulminate 
wafer  h. 

The  fuse  works  as  follows:  At  the  instant  of  discharge  the  plunger, 
by  its  own  inertia,  is  forced  back,  shearing  off  the  soft  shoulders,  and 
the  fiilmiuate  strikes  the  projecting  pin-x)oitit;  the  resulting  gafi  escaitet* 
through  the  ra^lial  holes  aronnd  tliis  i>oint  and  into  grooved  channel, 
igniting  the  powder  in  priming -chauiber  and  circvilar  groove,  which  buraa 
t£l  the  cliannel  of  rifie-i>ow<ler  is  reache<l,  when  the  thin  disc  of  metal  at 
bottom  of  cliannel  is  blown  out,  and  the  flame  reaching  powder  in 
shell,  explosion  takes  place, 

Beoard  of  firim  tcttA  Grriaan  tlme-fiuie»,  made  al  Sandu  Hook  Augmt  30,  IF^,  aiil  Jugfl 
17,  1878. 


FiiTc!  Ht  l.OOD-j-iinl  taretl; 
Strnek  lOjpMpB  infrontotUrgeti  bnrat in bIt  1*0  jitdii bejowl  largnt i  fOw  wt for  l.Mn o 


Id  ftnntof  tnrgrl;  taae  nvt  for  l.WXI  in«ter«,  bunt  bi  Si  wonndi 
Inr  MO  tneten 


ifUn'L-t:  fUw  jtrt  fnrkWTdi'tcn,  bnnt  in  ^  HcuDda. 
■ biimt  in  «  mwoiida. 


Strnck  129  pacciln  front  of  targpti  fmw  n-t  Inr  Mo  tneteni,  burnt  nnir  point  of  striking. 
Direct  bit,  6'  aboTe  center;  fti>e  out  for  800  meters  bnrat  in  7  secondn,  r 

.oogic 
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Reaird  of  firing  uriih  Gerauw  time-fuMt,  fe. — Continuwl. 


re  rtwPhlnE  tarwl ;  i 


Rvnl  In  air  hrfimi  n 

Bnnit  Is  air  brfin*  n _„— , 

llnnit  bi  air  h'fbie  tvarhliiK  tartci't :  Itiw 

llnriit  in  air  brfinr  TvarhlnK  tarfO't :  Aiiii>  HPt  Air  TOO  m 
Biinl  Id  air  brlbiT  nwhlDii  lai^l :  Aiiw  wl  for  TiHI  m 
Hnnit  In  air  hrturr  renrhhiK  ta^t ;  tliM'  M't  li>r  T<Hi  m 
Kant  1b  air  In'Cjh  mtrhlnx  tar){rl ;  ttue  W4  Kir  TlHI  m 


mm  In  air  brfiirr 

Tyrt 

ntw 

"iiHi-K^r.irl.OMIiii 

■rnkgnm, 

(<■»■  Htra<-kKn™ncl 

M'IKTYBE'S  time  fuse,  BEi.B. 

(Pliite  IX.) 

This  fuse,  inserted  in  the  rear  of  the  t^hel),  consists  of  the  brass  stock 
A,  tirue-fUse  B,  a  brass  screw-phig  C,  and  lead  igniting  cap  D.  The 
fu»e  voinpositiou  driven  in  a  paper  ease  is  first  inserte<l  in  the  stock,  the 
screw  plug  witli  a  vertical  hole,  to  one  side  of  its  center  is  screwe4l  to 
touch  top  of  fixse.  The  igniting  cap  with  its  cliaunel  of  pressed  powder 
composition  is  then  inserted  so  that  the  under  opeuiug  of  chaimel  shall 
communicate  directly  with  the  hole  through  screw-cap,  which  is  also 
fllletl  with  the  composition.  Directly  under  the  projection  which  rises 
above  the  top  of  the  igniting  cap  is  the  iipi>er  opening  to  channel.  Be- 
fore flriiig,  this  projection  is  removed  vritb  a  sharp  knife  and  the  com- 
position tlms  exposed. 


Pon-ilfT:  ik  pounds  fi 
fTMItm!  ir,  Il».  li",  a 


SbcU:  BaUer;  weight,  U 


IMr« .   _.       . , , 

Direct  htt,  i'  left  of  center;  bunt  in  air  about  300  yards  beyond  tarfcrt, 
DItwt  hit,  V  left,  ly  below;  bnmt  In  air  about  *Otf  jMxti  beyond  target. 
Struck  70  paces  in  front  of  tar^t;  bunt  In  air  after  striking  ifround. 
Struck  «5  paces  in  front  of  target;  bnlstlu  air  after  striking  Kronnil. 
Stmek  05  paces  in  fVant  of  larjirt  i  bnr«t  In  ^r  Afrer  Hlriklng  i^round. 
Struck  U  paces  in  front  of  target;  bnrvt  In  air  artci  striking  ground. 
.  Struck  57  paces  in  front  ot  ta»ct ;  did  not  linnit. 
Find  OTCT  water;  did  not  bunt. 
Ftrwl  over  water;  bunt  at  niuiile. 
Fired  OTtir  water;  bnrattn  alrabuut)  nf  amlle  frmii  gun. 


..Google 
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GILL  COMBINATION  FUSE  No.  I. 
(Plate  X.) 

The  metat  stock  A  of  this  fiiae  is  open  at  both  ends,  tlie  frinit  lul! 
being  bored  conically  to  i"e<M'ive  the  tiine-fnse  B.  At  the  bottom  af  ilv 
recess  for  fuse  B  is  a  small  disk  of  metal,  C,  having  a  vent-Uole,  D,  Ihiwut 
its  center ;  about  J  of  an  inch  below  the  disk  0  is  a  second  and  liea\ier  na-. 
E,  ha\'ing  a  c(>ntral  jimjectiug  jmint,  F,  on  the  under  side;  throuptih.- 
<li»k  and  equidistant  fhiiii  its  renter  are  three  small  holes.  Tbr  <\ai' 
between  disks  is  filled  with  jiresse*!  musket  iMJwder,  inetv-s  of  tbiu  jujn 
preventing  its  falling  tltrongh  holes  in  disks.  The  remainder  <>f  tia- 
stock  A  is  bored  eyUnilricnUy  for  the  play  of  the  triangular  plunw  vi. 
the  hole  through  center  of  which  is  siu^uounted  by  a  jM-i-cus.sion  vif.  B. 

On  one  of  the  triangular  edges  of  plunger  G,  is  a  single  stud  nuiiiiu: 
fuU  length  of  plunger;  both  of  the  other  edges  have  two  RimU  »' 
arranged  that  the  ones  in  front  shall  be  in  a  different,  plane  t«  ii>'«ii' 
freedom  at  imimct.  The  cjliudrical  hole  M  through  plimger  l-  61^; 
with  prc8.sed  musket-powder  and  end  stopi>ed  by  a  leather  pin;.  A 
safety  pin,  E,  secures  plunger  in  iilacc.  A  metal  pin,  Ij,  prevents  liokC 
from  falling  out,  and  a  paper  washer  closes  the  re^ir  en<l  of  stoct. 

The  fiise  acts  as  follows:  the  time  fuse  B,  cut  for  a  certain  niiBik;-: 
seconds,  is  ignited  at  the  instant  of  discharge  by  the  gas  from  jb'«<M 
charge,'  and  the  flame  from  fuse  composition  ignites  the  ]>res8ed  inii.^'< 
powder  between  the  disks  C  and  E,  which  in  tiuTi  ignites  the  bnKiw 
charge  of  shell.  Should,  however,  the  flight  of  the  pnycctile  l>e  ams^' 
before  the  biuning  out  of  fuse  couiix)sitionj  the  i)lunger  O  is  itn"^' 
forward,  the  cap  striking  the  projei^ting  point  F  on  diskH  E.  i^i:: 
mealed  powder  in  center  of  plunger  G,  this  igniting  the  biirstiQ|;  cUt 
and  exploding  the  shell. 

Record  of  firing  mlh   GiU'$  oomiinathn  futt  .Vo.  1,  made  at  Sandf  Ifoot  Jb'j  SI ' 
Oclolxr  36.  Irt7. 

[RlBe  usaI  r  3 '  ttiouElit  iron  riBe  No.  BM.    Poicilrr :  u  itonnds  of  old  morUt.    Sfaril:  Dm  ->-'■ 
Bpound-ljonnow.    filw.tion  l|o.l 


1 

R*n>Brk-. 

_!_ 

1 

OvBr  taruet  -.  .lid  not  eiploJi.. 

IHnvtbrt.  4' abore  center;  explndrd  <in  ^tiifclnK  lirnund  bfliind  tarftrt. 

* 

SlriK'k  38  iiim-H  in  front  of  tflrKxi ;  did  not  i-iijodi-. 
Wrwt  hit?  3-  abov,,  T  Irfl ,  diS  n^t  «pl.-le.  ^ 
Strurb  fl  larpn  in  fmnt  of  laritFt ;  did  not  eiidodr. 

Buret  in  airi  timr,  21  wsmids. 

Dili  mt  bnnl' 

Boretlnain  lime.  2*  wcondu 
Buret  in  Bir:  timr,  li  •u-voiids. 
Did  not  Inint. 

u 

Did  n..t  bnret. 

All  3-M'rond  tbne.rnBN:  fllrd  nloue  bencb  fur  timi-: 

u 

Did  Sot  Imret: 
Did  not  buret. 

IT 

Bn'™"  in  BiVrtlme,  aj  ewimd,. 

18 

Di,l  not  buret. 

20 

Dirt  ™t  buret. 

21 

Did  not  buret. 
Did  nnt  buret. 

23 

Buret  In  Bir  WW  jardB  fruni  «uu. 

» 

Did  not  buret. 

^d  by  Google 
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GILL  COMBINATION  FUSE  NO.  2. 
(Plate  XI.) 

<^t>iiKiKtH  of  a  inctal  stock,  A,  oi>eii  at  the  rear  but  cl08e<l  at  the  front 
en<l  by  a  K(Tew]>lii{r,B,  liiiviiig  a  tmiwvei-sal  projection, 0,  on  theont,  and 
a  i-eiitral  one,  1>,  on  the  inside,  Imth  bored  to  form  rij;ht-angle<l  channels, 
which,  when  filled  with  pressed  ffiinpowder,  constitntes  the  igniter  for 
tinie-fiifie.  At  the  bottom  of  the  (^vlindi-ical  poi-ket  of  the  stock  A  there 
is  a  recess  to  reeeive  the  wedfie-shaiicd,  sott-inetal  valve  or  stopper  ring 
F,  whioh  is  held,  after  beiiijf  pressed  tightly  into  place,  by  two  pins  G. 
Tlie  stock  tenninates  in  a  slightly  conical  sliaiHnl  ]>roje4;tiou  bore<l  to 
receive  and  hold  secnrely  the  time-fuse  H.  The  Iwttom  of  the  recess  for 
valve  F  is  oi>en,  except  at  the  tliwe  points  or  shoulders  B.  The  screw- 
plug  B  is  i)ro\-iaed  ahio  Avith  two  lu)le8  KK  thnnigh  which  may  l>e  passed 
a  strand  of  quirk  match  to  insure  ignition  of  time-ftise. 

Thcoperation  of  the  fuse  in  as  follows:  TIic  giis  from  the  burning  powder 
charge  starts  the  igniter,  which  in  tnni  ignites  timcfiise— cut  as  desired ; 
shuiild  the  shell's  progress  be  aiix'stHl  iM-fore  burning  out  of  fuse,  the 
soft-metal  ring  is  thromi  forward,  allowing  gas  fi-om  burning  fuse  free 
eonimiuiication  ^itli  bursting  charge  in  shell. 

Secord  of  firing  with  (I'lirii  tvHibiiiation  J'liie  \ii.  -J,  madr  ill  Sa«dg  Hook  -iuguat  2H  and 
(Mlober  ai,  lf77. 

Riilc  okA:  3"  irroodht-lmn  ritlp  Xo.  BflS.    Powili'i-:  U  i-nindii  of  niortnr.    Rhfll:  Djtr;  welj(ht,  8 


■s 

yired  at  I.DOO-.vinl  tnrKPt: 

_  . 

iplode. 

a"r.iK.;«pl«i«lii..lrtlOi«n-*lnft™tuniir)iet:  tliwl  f..rtini*. 

-V'fiiM-;  rxpIodrdfnalrlOOnM'PiiiuhviitDriiirKrl;  Rred  fur  tlmP. 

.V  rSie'  m^t  h?t  3i"h-frdf'»nr«,  to)d'furV^"l™;  fipl™l<nl 

i,alraMyanli.b,..v 

rdLrget 

■nor  it  tawl  Htmck  itninnd. 

5 

.-."  tnne :  direct  hit.  5f  bplov,  If  ri)ilit ;  flrrd  toi  iHnTUHtlan ;  did  ue 

o»plode. 

FlmtBloiiEbnu-h: 
.1"  fiiw  i  bonit  in  »lr  H00  vimtii  fnrai  jnin  i  flf"!  lit  time. 
3"  niw ,  buml  on  -trtklKM  ground ;  tTwl  fur  time- 

3"  fnne;  bunt  ud  ulrikinic  )!niiioil:  llrrd  fiirtllnr. 

W 

.-|"fuw;  burst  In  >lr;  Ifou'. :!]  wi-ondi;  flml  fur  tlinp. 

.V  FUM ;  bant  In  dr  -.  ttxuv.  3  HTonda :  (red  ht  iX'niiHioii. 

» 

Sift;  SzSStsISS;  KSSSS 

T,"  turn  1  bunt  ou  Ktrlkiui:  cniuni :  ttvi-A  tor  jH'muuiun. 

» 

3"  flue;  hnntlnnHtHklnKjoiiuim;  Hml  fi.r  [wmitwiun. 

K 

:>"fiiH;  buntoiiHtriklniiKiiMinili  Hu'd  foriirrcriiwdiHi. 

M 

O'REILLY  COMBINATION  FUSK. 

(Plate  XII.) 


Consists  of  a  metal  stock,  A,  open  at  the  rear,  but  closed  at  front  end 
by  a  serew-cap,  B,  from  which  projects  two  studs  CG  for  screwing  and 
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tmscrening  the  cap.  There  are  also  two  holes  DD  in  screw-cap  through 
which  is  passed  and  secured  a  strand  of  quick  match,  E. 

The  fuse  F  is  tightly  pressed  into  a  conical  shaped  snug-fitting  plunger, 
G,  held  in  place  by  a  wire,  H,  wiiich  passes  through  a  hole,  I,  in  side  of 
stock  and  enters  a  cannelure  ou  the  plunger. 

The  oi>eratioii  of  the  fuse  is  as  follows :  At  the  instant  of  discharge  the 
qnick  match  is  ignited  by  flame  from  charge  of  powder;  this  ignites  the 
rase,  which  coutinues  to  biim  as  an  ordinary  time-ftise ;  when  the  flight 
of  the  projectile  is  arrested,  the  plunger,  by  its  inertia,  is  driven  forward, 
sheering  off  the  pin  which  lioMs  it,  and,  being  followed  by  loose  powder 
in  shell,  ignition  and  exploslou  follow. 


r,So.KS.    PuTdpr:   I}  pouiulit  old  mortu-.    Shrll:   Df  rr ;  nrlghl.  « 


1 

s 

Rrnurko. 

^ 

J 

FItmI  M  1,000-viinl  Mrpt.  fur  pi-rvumiiiin : 
StrnFli  I'i  iiu-i'ii  In  rnitit  nml  biiiiit,  utAne  thmncli  iHruft 

a 

Slnii'li  llfii«'.-K  Ih'IuikI  I«wI  1  liiii-l  lu  Mir  ttft.-r  ^ti-ikin 

lllM't  hit,  4f  lofl.  If  bfiuv :  n\i\tAvt\  ou  -IrikiiiK  Ix'hiii 

J 

Rij:hti>rtar|[<-t!  <'i|iliHlnl  uu  ■(  liking. 
Dlr.-.'t  hit.  tV rijrhl,  3'  Ih-1..«-!  |.xpl«T.-.l  on  -Irikii.c  1.,hi 
Flml  ufunt: iKWh  tm lime:  » mitvuiM  timi-friH.' : 

& 

l>Mnot  bnnil. 

7 

DM  nut  bnnit. 

Uil  mt  burst. 

» 

IMilnutbumt. 

to 

Did  n.>t  bnr»t. 

IHiliiotlnint. 

12 

1>M  not  burnt. 

IS 

Did  uot  bnnt. 

15 

Ml)  nut  bnnt. 

Bunt  In  air;  tiniP.  2\  FHi-oniK 

IS 

nidnotboiW. 

IMiwtbarKi. 

18 

» 

UidSStbiint; 

DM  uot  bnnl. 

SI 

sa 

l>i.lnotbii"t: 

23 

Dill  Dot  bant. 

THOMPSON  COSIBINATION  FUSE. 

(Plate  XITI.) 

The  time  and  percussion  arrangement  of  this  ftiae  are  entirely  inde- 
pendent of  each  other,  the  metal  stock  A  being  bored  throughout  ita 
length  on  one  side  conically  for  the  tirae-fusc  B,  and  on  the  other  eylin- 
drically  for  the  percussion  device.  The  tiine-ftise  is  ignited  by  a  plunger, 
B,  which  forms  part  of,  and  is  securwi  to,  the  screw-cap  C,  by  a  brittle 
wire  W,  the  lower  end  of  this  plunger  being  slightly  recessed  to  receive 
a  fblminate  wafer  H.  The  inner  end  of  cap  arrangement  is  turned  un- 
der, forming  a  hollow  cone.  The  percussion  device  or  Motion  primer  G 
consists  uf  a  brass  tube,  filled  with  friction  composition  pressed  around 
a  flat  brass  wire  having  seiTated  e<lges,  the  outer  end  of  the  wire  being 
secnred  to  a  cylinder  of  thin  brass  which  projects  beyond  the  fiise-stock. 
Hie  friction  primer  is  provided  with  a  screw-threacl  to  secoi'e  it  to  stock. 


,Goi>^[c 
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and  the  chfutDel  D,  into  vhich  it  is  screwed,  is  filled  vith  qaick-bnmJDg 
powder. 

The  action  of  the  fuse  is  as  follows:  The  shock  of  discharge  frees  the 
plnnger,  which,  being  thrown  violently  baok,  the  fulminate  H  is  ignited 
on  cone,  setting  fire  to  tinie-fiise.  Should  the  projectile  strike  before 
baming  out  of  timefuse,  the  wire  in  projecting  primer  G  is  driren 
through  the  friction  comivositioii,  and  the  powder  in  channel  D  is  ignited, 
the  fiiuae  firom  which  communicates  directly  with  powder  charge. 


(Rifle  nud:  3"  wnHigbl-inm  rifle  No.  963.    Powder:  11  pDuud«  of  mortar.    Shell:  Dyer;  TBigfat,  8 
poDDd*  IS  ooncH.     KlevHlion,  1^,  1°.  l|o,  and  5".) 


l,OOD-yferd  tarir«t 

10  yards  front  gan , 


>boul  400  yarta  tnm  gun ;  prematorr. 
pin;  prematnrr. 


Altar  tbew  fire  roDodi  had  been  fired  thR  remaiiHler  of  the  fana  were  aeol  to  I^ankford  UMUl 
br  allsntlciiu.  *t  the  reqatwt  of  Mr.  ThompsoD. 


inntlaalr:  tlme.^  whoikU. 
mnttlnalT:  (Iqigp  It  iMtcoudg. 


4D0  y^Tda  from  goD ;  premature. 
400  yards  from  j^n :  premature, 
been  fired  the  remainder  of  the  faiea  w< 


it  through  target  and  liani  on  ■trlklng  land  40  yudi  b«;oad  i  time,  ^  aaoonda. 

^, , at  KolDg  thTough  target;  time.  2  aecondi. 

eeond*:  bnnt  near  tnnule ;  prematarsL  ttmo,!  Mnond. 

Find  for 


bnnt  fn  air  a( 
.  barat  In  ^r  bumedSately  afleralrlklng  aaud-,  time, Z|  aecanda. 
Theae  14  ^eea  were  ratamed  rnmi  FruikfoiS  araenal,  where  allerationa  ■ugnated  by  Ut. 
ThnmpaoD  bad  been  made.    Before  firiDC  (bein.  Colaael  Borbridge,  npRMsUng  Hr.  Tbompaod. 
requeated  atill  further  chaage^  whlrb  wei«  made  In  New  York. 


WARE  OOMBINATION  FUSE  NO.   1. 

(Plate  xrv.) 

Condste  of  a  metal  stock,  A,  open  at  the  rear,  but  dosed  at  the  front 
end  by  a  screw-cap,  B.  The  cap  B  is  provided  with  four  holes,  two  of  ' 
them  to  receive  the  wrench  for  screwing  and  unscrewing  it  in  and  out  of 
the  shell,  the  other  two  for  the  pins  D  D,  which  &8t«n  to  the  cap  the 
igniter  E,  an  annular  piece  of  metal  having  four  projecting  points, 
marked  L.  I^e  stock  is  bored  cylindrically  for  nearly  lialf  its  entire 
length,  followed  by  a  conical-stiaped  seat  for  the  plunger  F.  The 
jiliinger  and  remainder  of  stock  are  Iwred  slightly  conical  to  receive  and 
hold  firmly  the  time-fuse  G.  Around  the  top  rim  of  tlie  plunger  is  cut 
an  annular  channel  to  receive  the  fuhiiiuate  wafer  H. 

The  fuse  works  as  follows:  lTix)n  movement  of  the  sbeU,  the  igniter  E 
fi'ecs  itself  from  the  cap  B,  moves  down  upon  plunger  F,  and  its  t'oint', 
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striking  folminate  wafer  H,  ignites  the  tase  G,  when  motion  of  sbrll  » 
arresttHl,  the  plunger  F,  fuse  G,  igniter  E,  and  loose  poTder  in  sbfll 
move  forward  to  Ui^>  U,  the  iguitt'i-  K  closing  the  four  small  radial  air 
holes  K  in  head  of  stock,  preventing  water  ami  dirt  from  entmoj!  mr\ 
extinguishing  fuse.  Thi^  fom'Sfd  inuveiiient  of  fuse,  and  plunger  alkii> 
gas  £ix)m  fuse  comiH>Kition  fn-e  <roniuiunication  with  interior  of  stxrU.  :■■ 
further  fa<;iht»te  which  Kinall  radial  holes,  )I  aud  N,  are  bored  in  iiliiii;^; 
and  stock. 


IViH'il.T:   U  puiinilK  of  morUr. 
Elrvullua:  P.  ir.  IF.  bimI  IV.] 


bt;  flred  at  l,U(n.j-aTd  taxitft  fm  )M 


RS*»rr«HlR 

•t  Id  ^;  time.  ;q  ■m'ouIk 


W  I  5  anviHlii:  flr«lRt  l.WW-.ntd  lH|n't  t-  . ^ ^^  — .„. . -  - 

striking  cninnd :  time  !il  whohIh. 
U    SimiDdHi  flmldinrnlH'wlilin'HnH'i  bnrat  Inalraftrriiirildiie  inunndi  tlnw.  IMkoc.^ 
IS  I  Smt'ODdHi  Hnililmnibmrli  fin  Mini';  bant  in  olraflrriilriliiuiE  Knmiul^  tioF.  Ti  i«-^> 
IS  J  SnecuDilsj  Bml  ilnwii  brMh  raTtImp:  bnii>l  in  air  inn  Htriliin^r  Kmnnd :  limn,  5*  *<nt> 

14  I  $MTuiid«!  Drnl  ilnm  lii«cfa  fiirtimr:  lmr«t  in  alranrrHtrikiuiiim'undi  timi-.  *m«mk 

15  I  SiwumU:  BmlavrriiHtrrn.rliniri  liiinl  In  air;' liBir,4t  ivruniU. 

16  I  flnecoiuLi;  fln-d  uv.'r  wiilir  fnr  linn' :  bnnitiiiair:  Hni4..  SJ  nwiniJa. 


WAKE  COMBINATION  FUSE  NO.  1!. 
(I'lnte  XV.) 

Consists  of  a  metal  stock,  A,  closed  at  npiHT  end  by  a  screw-«»ii.  ?••  ■  ■ 
the  sbouhler  C,  near  the  bottom  of  the  c.vlinilrical  sitat-e  iii  the  ^vV.  !»-■■• 
a  metal  ring  I),  having  a  recesis  turnM  in  itsuii])ersurfiK-e  t<nwri^■•I■■ 
fiilmiuate  wafer  E;  between  the  ring  iiud  shoulder  lies  u  wrtt  ntftal  n. 
or  gas-check,  F.  Tlie  plunger  (.1,  bored  sightly  coniotill.v  to  rwfi"-''* 
timefuse  II  has  at  its  upiwr  end  I'lnir  projecting  arms  1,'terrainiitic:. 
the  under  side  in  sharj)  intints  K.  From  the  bottom  of  the  stirt!''" 
je«ts  the  four  jHiints  L.  To  the  lower  end  of  the  plunger  is  securetl  a  tw  ' 
ring  y[,  on  the  np])er  surface  of  which  is  cut  a  recess  to  receive  tbr  inlr 
nate  wafer  N  (like  E).  Tlie  plunger  is  held  iu  place  by  the  8afrtv-]>^'i ' ' 
There  are  nlso  in  the  infljectiiig  end  of  stock  four  radial  1k^  1'- ' ' 
escniH.'  of  gas. 

The  iiise  is  intendetl  to  act  as  follows :  When  the  projectile  is  "*■' 
uiotion,  the  plunger  by  its  inertia  is  carried  back,  sheering  off  ibf  si>r 
pui  O ;  the  iirojectiug  j>oints  K  strike  the  tHiUuiunte  E,  which  ignitf~  !'■■ 
time -fuse. 

■\Vhen  its  motion  is  arreste*!  the  plunger  moves  forward  l>tii))nii^  "■■ 
metal  ling  M  and  ftihninate  >'  against  the  shari>  iMrints  I.^  i^tiu;:  ibx"'- 
dmrge,  which  is  also  thrown  forwanl  anil  surronnils  the  riMir. 
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Flml  to  itrikc  In  tnmt  of  LMO-yard  Is 
3  urnnd*  i  burnt  ■!  muisl*. 
3  H-rimit* ;  bont  in  air  alMnit  M  j-Bids  ^m 

LaW4-r  p*<n'nivUiii  ritiff  taken  off:  hnrnt  at  ti 
Knie  nut  altvml ;  buiU  ■(  mazilc. 

Attn  flrinpc  thi-  above  th«  balanre  wen  witl 


TEEADWELL  COMBINATION  FUSE, 

(Plate  XVI.) 

This  i3  a  Tnotliftcation  of  the  Sjiliiigiinl  fiiap,  and  consists  of  the  folloiv- 
ing  i>arts :  A  iiietal  fuse  plug,  E ;  a  itai>er  case,  A,  into  which  the  fiise 
L'oiiiiHisition  B  is  driven  around  a  mandrel,  a  lemleii  comigated  cjlin- 
<U'r,  C,  being  Icit  as  a  lining  of  the  fiiw  composition  after  the  inaiidi'el  is 
witlwlrawn ;  a  tube,  1),  cloHe<l  at  tlie  ftxnit  end,  is  now  made  by  ixjuring 
Hnid  plaster  of  Paris,  or  this  with  asbestos  mixed. 

The  theory  of  the  tVisc  being  that  the  f^ise  eomixisition  burning  down   ■ 
leaves  the  plaster  Paris  tube  uii.snpporte<l,  and  at  impact  the  eloseil  end 
is  broken  off,  giving  the  flume  of  the  fuse  access  to  the  bursting  charge 
of  the  projectile. 


riHrf  Srp. 


I  No.  101 :  : 


vroiitfliMiini  ritlc  >'o.  »«£;  4f '  ilrse  riHe  No.  IDI.    !••>«/ 
AliKl.'nlaui ;  wi-i^ht,  ^  puuiKln.   ^1«YBl)un:  S°Hn.lllF 


.    I'uwdeT!  Uj'""i"lin 


I  Firfiliiil.D(ii)-yan1fiirj!et,  fi.riK-miw 

■2  '  K"t^~'lHt3M'l^<i"lMi  lmi'>IlnalrntKiiil  It 
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BTIBEN  AND  FOBNEBOD  (SWISS)   COMBINATION  PTJBBB. 
(Platea  XVII  and  XVIII.) 

These  two  hinen  are  alike  in  ])rinciple,  and  differ  only  in  that  the  largei 
one  (Plate  XVII)  hai^  two  tiers  of  burning  compoeitioii  and  is  capable  of 
burning  20  ttet^oiidii,  twice  the  length  of  time — as  a  time-fiise — ^tbat  the 
smaller  one  (Plate  XVIII)  can  bmii. 

The  famtin  <-onsiRt  of  three  principal  parfa^^  the  body  A,  the  ioertia 
igniter  B,  and  the  i>ercuiwion-fiise  attachment  C.  A  and  B  constitnte  the 
tinie-fiiHC.  Tlie  former  is  ma<le  of  an  alloy  of  equal  parts  of  lead  and  tin, 
while  B  and  <J  are  of  brass.  The  body  A  is  provided  on  its  exterior  with 
a  Kcrew-threail,  by  nieans  of  which  it  is  comiected  with  the  shell ;  the 
central  eylindrioai  iiart  is  also  pro\ided  with  a  screw-thread,  into  which 
fits  the  a«seiubliug  screw  of  igniter  B,  which  binds  all  the  different  parts 
of  the  tinie-ffise  together. 

The  body  A  of  tlie  larger  fuse  (Plate  XVII)  is  composed  of  three  parte, 
a,  b,  and  c  (Figs.  3,  4,  and  5) ;  the  upi^er  part  a,  or  the  regulator  (Fig.  3), 
is  a  ring  of  truncated  form;  it  has  a  priming  cliamber,  and  a  channel  on 
its  under  side,  inclosing  compress^  mealed  jHiwder.  The  chamber 
oi>ens  externally  upon  a  thin  part  of  the  wall  and  internally  uptm  the 
core.  The  channel  is  covered  by  a  disk  of  foil.  The  rim  of  the 
regidator  a,  is  di\-ided  into  50  equal  jiarta,  each  one  repreiseuting  one- 
fifth  of  a  second.  Tlie  part  b  (Fig.  4)  has  also  a  chamber  and  aimilar 
channel  of  compressed  mealed  powder ;  the  chamber  opening  on  top  for 
communication  with  the  channel  of  a,  and  on  the  outside  for  escape  of 
gas,  the  outiSide  oi)eidug  being  covered  with  wax.  Between  a  and  b 
and  glued  to  the  top  of  6  is  a  washer  of  thick  cloth  with  a  sm^  hole 
through  it  just  over  opening  to  chamber  of  &.  The  lower  part  c  (Fig.  5) 
has  on  its  under  side  a  circidar  channel  of  rifle-powder  covered  by  a  per- 
forated disk  of  copper — a  piece  of  gauze  separates  the  powder  and  cop- 
I>er  ring ;  a  vertical  channel  filled  with  rifle-powder  allows  a  communica- 
tion between  powder  in  b  and  the  rifle-]>owder  in  c :  separatiug  h  and  e, 
and  glued  to  top  of  latter,  is  a  washer  of  cloth  exactly  amilar  to  one  b^ 
arating  a  and  b.  The  outside  rim  of  this  piece  is  also  graduated  into  50 
equal  parts,  each  one  reading  one-fifth  of  a  second. 

The  igniter  B  (Figs.  2  and  6)  consists  of  three  parts,  d,  e,/,  and  9;  the 
stock  d  has  a  cylindrical  canity,  at  the  center  of  the  bottom  of  wbidt  pro- 
jects a  sharp  pin-point;  four  radial  holes  at  bottom  of  ca\'ity  allovs  the 
gas  from  igniter  to  escaiw  and  spread  into  a  circular  groove  around  the 
outside  of  the  stock ;  a  brass  washer  separates  the  hexagonal  rim  of  the 
head  of  the  stock  from  the  regulator  or  lart  a  of  the  body.  At  the  bot- 
tom of  the  stock  there  is  a  cylindrical  projecting  cup  filled  with  the  same 
composition  as  that  in  the  igniter,  and  also  covered  with  a  solution  of 
rubber.  The  cylindrical  phmger  e  (Fig.  7)  has  in  the  center  of  its  base 
a  recess  which  contains  the  fiUminate  priming,  which  is  believed  to  be 
made  of  five  parts  chlorate  of  potassa,  one  of  sulphide  of  antimony,  and 
one  of  powdcj-ed  glass,  all  coateil  witli  a  solution  of  rubber ;  the  crown- 
8hHi>ed  spring/ (Fig.  8)  is  stamped  out  of  a  thin  piece  of  steel;  it  has 
four  spring  leaves;  the  bottom  of  the  spring  is  shaped  to  fit  the  base  of 
the  plunger  and  to  expose  the  Jiilndnate  in  plunger;  the  screw-caii  p 
closes  the  top  of  the  stock  d ;  a  hole  tlirough  its  center  allows  the  cyhndri- 
cal  projection  on  top  of  plunger  to  pass  through  and  centers  the  plutigcr 
In  spring  and  cylindrical  canity  of  stock. 

Tlie  iiercnssjon  attiichment  C  consists  of  five  parts,  k,  k,  m,  w,  o;  the 
hollow  cyhndrical  stock  h  (Fig.  i>)  has  a  solid  bottom,  pierced  with  a 


BEPORT  OF  THE  CHIEF  OF  ORDNANCE.        417 

small  central  hole  fur  passage  of  gas  from  the  ■fulminating  composition 
into  the  shell ;  this  hole  is  closed  by  a  piece  of  line  netting,  or  gatize,  to 
prevent  the  powder  in  the  shell  from  t>eiietrating  fuse-stock  or  body ;  a 
shoulder  turned  on  its  exterior  fixes  its  position  in  the  fuse-hole  of  shell: 
the  cylindrical  plunger  K  (Fig.  10)  has  through  its  axis  a  longitudinal 
channel,  at  the  head  of  which  is  secured  a  sharp  steel  projecting  point ; 
forward  movement  of  the  plunger,  except  upon  impact  in  flight,  is  pre- 
vented by  a  steel  crown-shaped  spring  m,  (Fig  11),  similiar  to  the  one 
heretofore  described.  A  hollow  cyUndern,  (Fig.  12),  centers  the  plunger 
and  is  just  long  enough  to  permit  the  pin  point  to  reach  and  pierce  the 
fulminate  on  imi»act;  the  stock  is  closed  by  a  brass  ring  o,  resting  on 
a  shoulder  tiim^  in  top  of  stock. 

The  action  of  the  combination  is  as  follows:  Upon  the  inflammation 
of  the  charge,  the  plunger  is  thrown  back,  the  spring  being  compressed, 
and  the  plunger,  with  its  fulminate,  strikes  the  metallic  point ;  the  gas 
dne  to  the  conswjuent  ignition  passes  throngli  the  oiienings  in  the  wall 
of  the  tube,  spreads  into  tlie  circular  groove  around  the  outride  of  the 
tube,  ignites  tlie  priming  of  the  burning  column,  and  thus  causes  the 
inflammation  of  the  section  of  this  column  in  contact  witli  it  ^  inflamma- 
tion spreads  along  the  burning  i)risin,  and,  reiiching  its  origin,  is  com- 
municated to  the  second  tier  (if  fuse  is  set  for  more  than  10  seconds),  and 
so  on  to  the  chamber  and  recess  of  rifled  powder  which  communicates 
with  the  powder  in  shell. 

The  combustion  of  the  priming  of  compressed  powder  produces  suffi- 
cient heat  to  melt  the  thickness  of  metal  wliicti  closer  tlie  priming-cham- 
ber, and  thus  aftbrds  a  broad  outlet  to  the  gas  &om  the  burning  column. 
From  experiments  made  in  Switzerland,  it  is  believed  these  fuses  offer 
entire  security  against  premature  ignition,  the  shells  being  given  the  most 
violent  shocks  which  could  be  received  in  transportation,  loading,  or 
unloading.    The  ignition  is  very  certain,  even  with  reduced  charges. 

Should  the  fuse  strike  any  resisting  object  before  the  burning  compo- 
sition tias  reached  the  point  to  which  the  time-Aise  was  set,  the  plunger 
or  percussion  attachment  0,  is  thrown  forward,  the  spring  being  com- 
pressed, and  the  pin  point  pierces  the  Eliminate  at  base  of  igniter  B,  and 
the  gas  resulting  has  direct  access  to  bursting  charge  of  shell. 

(Plate  XVIII.) 

The  smaller  fiise  has  the  same  general  features  as  the  larger;  it  differs 
from  it  in  that  it  has  but  one  layer  of  composition,  which  bums  10  seconds. 

The  body  A  is  in  two  parts  only;  the  regulator  a  (Fig.  3)  with  its  cir- 
cular groove  of  compressed  mealed  powder  has  on  its  outride  rim  50 
equal  divisions  representing  fifths  of  seconds.  The  lower  part  of  the  b, 
(Fig.  4)  covers  the  percussion  attachment  C,  and  has  running  vertically 
through  one  side  a  hole  filled  withrifle-imwder;  this  is  the  channel  of 
communication  between  burning  composition  of  timefuse  and  bursting 
charge  of  shell.  The  conical  outside  siuface  of  the  igniter  B,  is  rough- 
ened to  facilitate  turning  of  the  assembling  screw  which  binds  the  dif- 
ferent i»art8  of  the  fiise ;  by  loosening  and  tightening  this  screw  the  regu- 
lator is  set  to  the  required  time.  The  difierent  parts  of  this  fuse  function 
as  those  of  the  larger  fttse. 
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Fuiie  wt  »t  5  nwond" :  thtniiBh  tBrgrl;  btimt  nn  ulrlkiaK  Rrnnnd  bcTond. 
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12 
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[BifleiiSHl:  If'diFMrilieXo.lOl.    Pon.W^  Mponmisorcvpi'rimpnlJilC.    Shfll!  Abtrteninnji  irtiihi. 
21|inundii.     Elpration:  ll^nnd  10°.| 


t41«- 


i:  hiiM  nn  Mriking 


K  41  «■"., 


f.  ni  t>o<vud<i. 
- ,  ,  ..nf ,  IS  wcimils. 

■;   (InU',  la^lH'WOd*. 

■t  time  Dot  tskMi. 


...    ,  ,  bnnt  OB  aliikhif!  ir 

at  10  sorondH ;  bnnt  in  air;  time.  Iviwvuuiui. 
^  at  l.OOO.vurd  1/tT]£ft  fhrpfrmHiiInn^ 

atOrtecMnHHj  thronirh tar^t;  bnrM on atrfkinp  ffronnil b«yoDd. 
at4m'roDdAj  tbraiipzli  tHrcet :  biimt  on  HtrEkini:  gmond  beyond, 
al  4  "woniln ;  Ihronch  largi-l;  bnnit  on  utrikine  urmind  beyoi>d. 
nI4Be<vndB^  thmtuh  tar^pl;  bnni  on  atriklDg  jfromul  bejnnd. 
al  4  n.roiiii»i  Blnii'k  Kniimcl  10  fpct  In  front  of  lariietand  bnint. 
at  4  wowIh  ;  dlmck  pnmnd  IG  f^et  In  front  of  taret4  an6  bunt- 


M'lMTYRE'S  COJIBINATION  FUSE,  EEAB. 

(Plate  XIX.) 

The  fiiae  is  iilentieal  with  lIcIntjTe's  time-fuse,  previonaly  desi'ribed 
Hnd  shown  in  Plate  IX,  except  that  there  is  iiisertetl  in  the  fiiee  compo- 
sition a  plun>rer  E  whose  hea<!  is  of  leiul  and  whose  tapenng  utem  is  of 
brass ;  immediately  siurouudini;  the  stem  of  the  plunger  is  a  coliunu  of 
plaster  of  paris,  between  whii-h  and  the  composition  is  a  tnbe  of  fusible 
metal.  Should  the  projectile  in  which  the  fuse  is  inserted  strike  a  resist- 
ing object  before  the  ftise  composition  has  burned  out,  the  plunger  is 
thrown  forward  into  the  shell,  giving  flame  from  burning  composition 
direct  access  to  i>owder  in  shell. 


.y  Google 


BEPOBT  OP  THE  CHIEF  OP  OEDNANCB. 


hrll:  BatlcTi  weighs 
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Ktnick  140  iiBcn  in  Ihiut  of  tarjcel :  did  not  rxnlnle. 

Struck  30  pares  in  ItMitor  Mncct;  did  not  eiplode. 
Find  for  time: 
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=,  «=.  Itw.] 
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Flrnlal  l,UOO-yard  tanet;  tame  net  at  S":  bunt  iu  air  lirfore  Htrlkiiic  Eroundi  time,  24". 
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l,K>0.yard  target;  fliae  net  Mt  S" ;  bunt  In 

l.<KiV-.Tat4  target i  fUannrtatS")  bunt  in ^„ , 

Fired  at  l.OOO-Tard  tarnt;  fniie  »et  at  5";  burnt  In  afr  afier  strlliiui!  grmind ;  time,  ff 
Fired  oTprmtvr  An  thne;  (ioie  art  at  10" :  bnnrtinair:  time,  101". 
Fired  over  water  for  time:  Ia«Ktat  10"i  burst  lu  air  ^  time,  >^'. 

FliTKl  at  LOOO-yard  tartet :  fnae  aot  at  *"i  burnt  in  air  afler  Mrtitne  ttnrand ;  time  loi 
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Fired  over  VHtor  tot  t^ ;  (bee  set  at  Ti"  i  bunt  in  air  i  time.  10". 
Fired  over  water  for  time ;  ftiie  wt  at  if :  burnt  In  air ;  tinie.  m: 


burnt  in  air  bbunt 


target:  fnae  net  at  lt»":  atmek  groDnd  about  4D  pacei  In  bunt  of  target  aad 
t  «oS  yard*  be:raiul. 


>n ;  secnrlug-pin  weakened  Iwfore  lirlng 
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PLITMACHER'S   PERCTSStON-FUSE. 

(Plate  XXI.) 

This  fuze  cojiHists  of  a  tube  the  interior  of  wliich  lias  three  iwnliai- 
»ha[>cd  communicating  chambers  of  different  size«,  a  screw -cap,  a  mih 
bottom,  a  winf^ed  nuedle-disdiargiiig  plunper  in  theiipperi'hamliw.iittl 
a  charged  plimger  in  the  lower  clianiber,  the  two  plungers  lieing  L-"!' 
ajiart  by  the  third  smaller  or  intervening  chamber,  as  wiU  be  ^vn '« 
reference  to  Plate  X  XI. 

Fig.  1  is  a  vertical  section  of  the  charged  fuse  in  repose,  top  eml  i]'- 
Fig.  3  is  a  vertical  section  of  the  charged  fiise  at  the  iN>int  of  stiikii^- 
after  having  been  discharged  from  the  gun,  top  end  down.  Fig.  ^1  i-  * 
vertical  section  of  the  empty  fuse-case.  Pig.  4  is  a  plan  of  a  steel  f\«m^ 
as  cut  from  the  sheet.  Fig.  6  is  an  edge  elevation  of  the  steel  qirin; 
bent  for  use.  Fig.  0  is  the  needle  or  rliseharging-plunger,  the  >]<nai: 
fixe<L    Fig.  7  is  an  elevation  and  plan  of  the  percussion-plmiger. 

In  external  ai>]»eanince  the  fusetulw  A  is  an  ordinary  cybiKirt.bai 
ing  a  screw-thread  t,  cut  to  a  proiMT  depth  at  one  end  on  the  iienilM? 
of  the  projectile.  It  is  made  of  the  size  usual  for  percus8i(Mi-ftw^  ■*■ 
that  it  may  be  u.scd  iu  any  pattern  of  elongated  shell.  The  cariir  .>■ 
this  cylinder  is  tapi)ed  at  Iwtli  top  and  Iwttom  at  r  r',  and  in  pwriil^l 
with  a  screw -cap  D,  and  a  screw-bottom  E,  and  the  interior  is  din-lnl. 
by  abutting  shoulders  o  o,  into  three  different-sized  chamljers  /.  j.  aii-l 
h,  in  which  tlie  slitUng  plungers  operate.  The  screw-cap  D,  has  a  fnt<\-. 
»-,  that  it  maybe  handled  by  a  screw-driver,  and  an  indent,  na  tl» 
lower  side,  to  admit  the  point  x  of  the  needle  m,  should  it  be  ilrnwi 
uecessarj-  to  reverse  the  disoharge-pltinger  when  shi]>ping  the  projertilt . 
The  screw-bottom  E,  haskey-holes  m  m,  by  which  it  is  screweft  &i--  an-! 
an  escape-hole  ^,  through  its  axis,  to  permit  the  passage  of  fire  into  tii* 
magazine  of  the  shell.  Tlie  discharging-plunger  IJ,  is  a  cone-cn™*^! 
piece  of  metal,  smaller  iu  diameter  than  either  of  the  chambnx  *^^-i■ 
a  tappe<l  hole,  c,  in  the  apex,  into  which  a  pointed  steel  newlle  ».  i- 
scre well, holding  in  place  by  a  shoulder  on  the  needle  a  maiiy-]MHDtHl  -tt" 
spring  it.  The  steel  spring  k  is  just  sufhciently  stiff  to  hold  the  )>lDs;>r 
in  place  and  to  prevent  it  from  being  forced  into  the  center  or  r hain'i  i 
ff,  by  any  power  less  than  the  impact  produced  by  the  disohai^  <■(  !t» 
projectile  from  the  gun.  The  plunger  is  contained,  nee^Ue-iMNnt  >li><'.. 
in  chamber  /.  but  by  the  impact  produced  by  the  discharge  of  tlw  i:^^ 
it  is  thrown  forward  and  setiured  by  the  flaring  springs  in  chamM  _■; 
Shding  plunger  C,  incased  in  chamlter  h,  larger  and  heavier  thu  ')-' 
plunger  B,  is  of  cylindrical  shajie — a  body  of  metal  with  a  wMBe-sbJl"! 
crown,  ha\'ing  through  its  axis  a  hole  e,  iu  which  is  securest,  by  u  >1p1' 
of  varnish  or  other  suitable  material,  the  fulminating  i>owdCT  or  ptli  n' 
Through  this  hole,  also  passes  the  lire  into  tlie  magazine  of  the  >Ml 

Extra  security  in  transportation  may  he  obtained  by  nnscmriit^  :> 
cap  D  and  taking  out  and  reversing  the  needle-plunger  B,  semriit^  :*■' 
point  X  of  the  needle  m  in  the  indent  »  in  the  lower  side  of  the  cap. 

When  fired,  the  impact  produced  u]>on  the  projectile  by  disrfiar:- . 
the  gun  from  which  it  was  thrown  forces  plunger  B,  from  ite  nonsiil  (■-' 
tion  into  center  chamber  g,  where  it  is  held,  at  the  bottom,  by  the  nam-* 
entrance  to  the  lower  chamber,  and  from  the  top  by  the  ends  of  xhr  masn 
pointed  spring  coming  in  contact  with  projecting  shoulder  o  o,  diThhw 
chamber  /from  g,  the  point  of  the  needle  m  protruding  into  the  Ur» 
chamber  n.  Then,  by  the  check  on  the  projectile  when  striking,  plun^- 
C  is  thrown  \4olently  forward  on  t«  plunger  B,  the  point  of  the  nwull'  ■ 
entering  and  discharging  the  pill  or  Mminating-iiowder  d,  tbeiehv  •■• 
ploding  the  slielL    (See  Fig.  2.) 
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Record  of  firing  irilh  Plumiteher  i>erciitiiion-/n>e*,  made  at  Sandg  Hook,  Deetmber  14,  1877. 
[Rifleuml:  a"v.ruuBlit-ir.iuriflc  —      --- 


HESULTS  OF  FIBIKG. 

In  teNting  the  fii!*e«  submittol,  the  Boaixl  deckled  to  fire  five  prelim- 
iiiiirv  i-ouikIb,  noting  ivsiUts,  and  if  any  defects  in  Trorkmauship  ehould 
b*"  devcloiied,  juirtiridarly  in  tliose  of  new  constnictioa,  that  the  parties 
]>wsentin<t  tht^fiiNes  should  be  notified,  in  ortler  tliat  the  defects  noted 
lui^ht  V,  if  possible,  corret-ted.  Under  this  ruling  the  trill  No.  1,  Ware, 
Thompson,  and  Melnt.vre  fnsea  were  returned  for  alterations.  The  Ware 
No.  2  was,  after  the  5th  round,  withdrawn ;  the  others  were  returned  and 
the  tiring  continued. 

An  examination  of  the  records  of  firing  and  general  summary-  of  tests 
apitendetl,  slmws  that  in  the  firings  at  Sandy  Hook  the  fiises  stood  as 
follows  in  oilier  of  merit : 


1.  Rnben  &  Fonn 

No.  2. 

2.  0'IUmy. 


^  Abfll«nlun, 

T.    EuKUllh<PF(tDUlD) 


Rnben  ti  Forncmd  (Swln) 
No.  2. 
9.  Rnbfn  i  Fomerod  (Swi») 


CONCLUSIONS. 

The  board  is  of  opinion,  from  the  limited  trials  made,  as  recorded  in 
the  journal  of  firing,  that  no  well  established  superiority  exists  in  sev- 
eral  of  these  fuses,  but  the  percentage  of  failures  are  so  great  in  some 
cases  that  it  would  be  useless  to  go  to  the  expense  of  making  farther 
trials  with  them ;  it  is,  however,  recommended  that  of  the  percussion  and 
time/uses  the  following  kinds  only  be  procured  for  further  tests,  to  wit: 

Percussion. — German,  Hotchkiss,  English  B.  L.,  Schenkl. 

Time. — G  erman. 

As  regards  the  eonibinalion-fmes,  no  one  of  them  may  be  said  to  have 
worketl  well ;  the  Woodbridge  and  Gill  No.  2,  liowever,  did  considerably 
better  than  the  others,  and  the  boanl  recommends  that  25  more  of  each  of 
these  be  ma4le,  with  such  improvements  as  I>r.  Woodbridge  and  Mr. 
Gill  may  suggest,  at  Frankfonl  arsenal,  for  farther  testa. 

As  to  the  other  fuses  of  this  character,  they  are  generally  complicated 
and  expensive,  so  that  the  board  only  recommends  their  fiirtber  trials 
provided  they  are  famished  withont  cost  to  the  United  States. 
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APPENDIX  a  3. 


DESCKIPTION  OP  QUN. 

A  fill!  description  and  details  of  construction  are  given  in  the  report 
]f  the  constructor  of  ordnance  on  this  gun.    (See  page  351.) 


The  carriage  used  in  the  tests  so  far  made  was  the  one  knovu  a» 
Altered  Carriage  Ko.  3,  for  full  description  of  which  see  Beport  of  the 
Chief  of  Ordnance  for  1877,  page  629. 


The  powders  used  were  two  varieties  of  the  Du  Pontes  hexagonal,  com- 
mencing with  the  (F.  U.)  E.  V.,  density  1.750,  granulation  7^— the  same 
that  was  used  in  testing  the  8"  rifle  No.  3 — and  finishing  with  F.  P.  (B.), 
density  1.785,  grainilation  67.  This  latter  powder  was  originally  intended 
for  the  12".25  rifle,  but  the  (F.  U.}  E.  V.  not  being  on  hand  the  F.  P. 
(B)  was  used,  as  it  was  ascertained  by  a  few  rounds  that  it  gave  about 
the  same  pressures  and  velocities  as  were  obtained  in  the  firings  with  the 
8"  rifie  No.  5,  with  which  this  rifie  was  to  be  compared. 

PEOJECTILBa. 

The  projectiles  were  all  elongated  cast-iron  cored  shot,  with  soft  metal 
bases  or  sabots  of  the  Butler  pattern.  The  shape  and  general  charac- 
teristics are  the  same  as  the  one  shown  in  Plate  III,  report  of  the  Board 
on  the  8"  rifle  So.  1  (Kei>ort  of  the  Chief  of  Orduance  for  1875).  The 
weights  useil  will  be  found  iu  Tables  Nos.  1  aud  2. 

EXPERIMENTS  AMD  TESTS. 

Preliminarj'  to  the  regular  test  of  this  rifle,  for  endiu-ance,  nine  rounds 
were  fired  with  projectiles  weighing  181  pounds,  and  charges  of  powder 
var>'ing  from  20  to  30  {tounds,  to  note  the  resulting  pressings  and  ve- 
hKrities  and  effects  on  the  gun.  For  record  of  these  firings  see  Table  So. 
1,  Tlie  results  aofiir  having  proved  satisfactory,  experiments  wei-e  com- 
menced for  testing  the  endiu~ance  of  the  gun,  using  battering  charges  of 
35  pounds. 

Five  hundretl  ronmls,  using  35  pounds  of  [wwder,  having  been  fired,  a 
preUniiuary  report,  of  lei^ults  was  made  to  the  Chief  of  Oi-dnaufie,  who 
tlirecteil  the  exi)eriments  to  continue  until  700  rounds  in  all,  with  bat- 
tering charges,  bad  been  fired.  This  luogranime  was  completed  August 
2it,  1878.  Of  the  700  rounds  fired,  H)2  were  with  (F.  L'.)  E.  V.  powder, 
and  298  with  the  F.  P.  (B.).     (See  Table  So.  2.) 

With  the  (F.  U.)  E.  V.  powder  and  projectiles  averaguig  in  weight 
181.21  pounils,  an  average  velocity  (at  110  feet  from  muzzle  of  gun)  of 
l,23ti  feet  was  obtained  with  a  coiTespontbng  pressure  of  26,309  pounds 
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per  square  incli,  while  the  F.  P.  (B.)  powder,  projectiles  avenging  1$:^ 
poundB,  gave  an  average  velocity  of  1,324  feet  at  same  distance,  tbe  «r  ' 
responding  pressure  being  26,987  pounds. 

The  mean  of  all,  with  both  powders,  was,  for  projectiks  avenpu 
181.81  pounds,  observed  velocity  at  110  feet  from  muzzle  at  gnu  ISz 
feet,  and  a  pressure  of  26,462  pounds  per  square  inch.  This  i^im  tn- 
been  fired  more  rapidly  than  any  gnn  heretofore  tested  by  the  Board,  r 
many  as  102  rounds  having  been  fired  in  a  day  of  7^  hours*,  be«de<tk- 
firings,  the  gun  waa  frequently  washed  out,  star  gauged,  and  imgirr- 
sions  of  bore  taken.  Twenty  rounds  were  easily  fired  in  an  hour,  a»: 
ou  one  occasion  10  rounds  were  fired  in  the  space  of  a  httle  over  11  mii' 
ntes.  The  Bouleng^  instrument  was  used  in  taking  the  velocities,  jtti 
the  Kodman  internal  plug  for  pressures.  The  average  muzzle  purr.:.', 
with  all  i»owders  and  weights  of  projectiles,  using  3a-pound  chargftv  ■»> 
2,0;}»  foot-tons. 

With  the  8"  So.  5,  using  same  charges  of  powder  and  projectilw  jT'" 
aging  175.74  pminds,  a  mean  eiiergj'  at  muzzle  of  2,173  foot-U>iM-  <*> 
attained,  the  velocity  being  1,340  feet,  with  a  pressure  per  sQoan'  iwi 
of  27,019  iwunds. 

EFFECTS  ON  THE  QXTS. 

The  gun  reinains  in  a  sound  and  ser%'iceable  condition,  with  hnl>'i:-' 
e\idenc«8  at  the  bore  of  erosions  or  enlargements,  the  latter  bt-iBt"  j-- 
than  in  either  guns  So.  1  or  5.  A  reference  to  the  tables  of  enlai^w- 
of  these  gnus  previously  publishe*!,  and  Table  So.  3  accompanyiDg..-*'"- 
as  follows : 

For  tlie  8"  No.  1,  after  776  rounds,  an  enlargement  of  0".048L 

For  the  8"  No.  5,  after  590  rouuds,  an  enlargement  of  W'.OCH. 

For  the  8"  B.  I.,  after  709  rounds,  an  enlargement  of  0".036.  i 

Tlie  coiled-weld  developments  were  slight,  and  showed  no  aenst*  ■ 
crease  after  they  had  been  first  ob8e^^■ed.  This  affords  evidew^  liu' 
the  shoulder  on  the  tulw  prevented  any  forward  movement.  a»d  Aa' 
the  opening  of  the  welds,  after  the  original  set  had  been  estatdishoL 

The  record,  it  wiU  be  iseen,  shows  that  the  mean  velocity  w»s,  t<u  [ 
battering  charges  and  all  powders,  with  projectiles  of  182  iMMind^.  l^-' j 
feet,  and  that  the  mean  maximum  pressure  was  26,462  ponods.  TV-c  j 
results  show  some  deterioration  in  the  itowder,  as  the  mean  villi  7>  I 
No,  5  was,  velocity  1,291  feet,  pressure  27,189  pounds.  ! 

Tlie  mean  maximum  pressures  to  which  this  gun  and  gun  Na''^'" 
subjected  to  in  their  tests,  it  will  be  seen,  were  about  the  saint.  TV 
gun  under  consideration,  however,  has  been  fired  about  lOOmoRtto^* 
thau  the  No.  5. 

EFFECTS  ON  CABRUOE. 

The  carriage,  which,  previous  to  its  alteration  to  its  present  fon.  '^ 
been  frequently  employed  exi>erimentally  and  at  high  angles  of  efcvo** 
has  in  its  present  shai>e  been  used  for  about  800  rounds  widi  hmi^'- 
charges  and  flill  weights  of  projectiles.  During  the  course  <rf  j^  '''' 
trials  only  small  rei>airs,  such  as  replacements  of  bolts  &c„  lud  '■  * 
made.  No  injuries  requiriug  extensive  overhauling  occurreil.  »a^  '* 
carriage  is  now  in  a  good  sennceable  condition.  All  theimrts  fnnrt**'*' 
well,  but  particularly  noticeable  was  the  ease  with  which  tbe  ram'-' 
was  released,  the  smoothness  with  which  it  ran  into  batt«7r.  «nJ  '•■'* 
perfect  uniformitj-  and  certainty  in  the  action  of  the  lever-ca^cbes 
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Hie  Board  flndH  that  the  griui,  after  being  fired  700  rounds  with  batter- 
ing charges,  remains  in  a  sound  and  seniceable  condition,  the  erosions 
and  development  of  coil-welds  being  normal,  and  the  enlargements  less 
than  in  guns  Nos.  1  and  5. 

From  a  consideration  of  the  above  facts,  the  Board  feels  perfectly  satis- 
fied with  the  endurance  of  the  gun,  and  believes  that  the  special  plan  of 
bi'eecli  insertion  employed  in  its  construction  is  superior  in  strength  to 
the  present  plan  of  muzzle  insertion.  Also  that  the  facilities  it  intro- 
duces for  the  emplojTnent  of  shoulders  to  prevent  any  accidental  blow- 
ing out  of  the  tube  likely  to  arise  from  the  conunon  defect  of  unjierfect 
welding,  gives  it  an  importftnt  advantage  over  the  present  plan  of  con- 
voi'sion  (muzzle  insertion). 

Tlie  cost  of  tliia  jilan  of  constnietioii  will  satisfactorily  compare  with 
the  plan  now  used. 

Fmm  these  \iew8  and  facts,  theBoanl  feelsjustifled  in  recommending, 
in  future  conversions  of  our  smooth-bore  guns,  that  the  breecli -insertion 
plan  be  employed. 


—Beoord  of  Sriagi  Kith  the  S-iadi  eiperimenlal  rlfie,  B.  I.  Xo. 
Hook.  Mng  21,  1B7B. 
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APPENDIX  S  4. 
TRIAI,  OF  I3.aS-INCH  RIFLE,  FEBRUARY  AND  MARCH,  1978. 

(One  plate.) 

THE  aUN. 

ThiB  rifle  eonnmta  of  a  cast-ii-ou  casing,  linetl  vitli  an  English  wroiigrltt- 
iron,  coiled- welded  tube,  inserted  from  the  muzzle.  A  fliU  descriptioa 
of  the  giin,  with  details  of  constniction,  will  be  found  in  tlie  rei>ort  of  the 
roDStructor  of  ordnance. 

OABRUOE  AND  PLATFORM. 

With  the  exception  of  a  few  modiflrations,  the  carriage  and  platform 
are  the  same  a»  those  recommended  and  de»cribe«l  by  the  constmctor 
of  ordnance  in  his  report  of  August  7,  1877,  to  tlie  Chief  of  Ordnance. 
(See  Apiwndix  T,  page  (Uil,  ReiJort  of  the  Chief  of  Ordnance  for  1877.) 

The  few  firingH  made  with  the  12".25  rifle  demonstrated  the  necessity 
of  giving  more  i>ower  to  the  apparatus  for  throwing  the  rear  eccentrics,  on 
top  carriage,  "  in  gear";  and  also  to  the  windlass  for  drawing  ttie  gun 
"  irom  Imttery."  The  first  was  accomplished  by  increasing  the  hand-wheel 
working-worm  in  size,  fh>m  V2"  to  18";  the  geared  wheel  on  eccentric 
axle  from  iti"  to  14j";  and  4lim>mHhiiig  the  diameter  of  worm  working 
in  geared  wheel  from  3^^"  to  ,'V',  an«l  the  piteh  of  thread  from  1"  to  J  of 
an  inch.  These  changes  permit  two  men,  one  at  each  wheel,  to  throw 
nillers  "  in  gear."  Increase<l  power  was  given  to  the  windlass  by  increas- 
ing the  large  geared  wheels  on  the  outside  and  inside  of  chassis  rails 
from  17j"  t<)  2.'>|".  Tlie  diameter  of  the  dnim,  aroniid  which  the  rope 
coils,  was  diminished  somewhat  in  diameter.  A  new  piston  head  in  cyl- 
inder, having  three  f"  holes,  was  substituted  for  the  old  one,  which  had 
four  S"  holes.  The  front  transom  was  incifased  in  size  from  1"  to  IJ" 
and  the  rubber  buffers  fromC'xC"  to  7" si". 


The  powder  nsed  was  Uu  Pont's  hexagonal  F.  P.,  density  1.78.'i,  granu- 
lation 07 ;  similar  in  shai>e  hut  slightly  larger  in  size  than  the  F.  U.  E.  V, 
iwwder  used  in  trials  of  the  8"  ritle  No.  1,  and  descrilied  in  Report  of 
the  Chief  of  Onlnance  for  1875,  pages  100  and  101. 

PROJFCTILES. 

The  projectiles  were  elongate<l  cast-iron  coi-ed  shot,  with  soft  meal 
sabots  of  the  Butler  pattern.    Tlie.-^e  salols  ai-c  doul>Ie-lip]ied  rings  of 
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brass,  i»a<le  of  copper  and  zilic,  in  the  proportion  of  75  and  25,  uhI  were 
attached  t»  the  bases  of  projectiles  by  a  screw-thread.  For  funeral  fea- 
tores  and  dimensions  see  Plate  1. 


experi>[e:(T8  and  tests.  I 

The  giiu  arrivwi  at  Sandy  Hook  January  17,  1H7J*,  and  »■»«,  Febniiin 
7,  1878,  ready  for  firing,  on  whifh  date  two  ronndtt  were  fired  naing  'in 
ponods  of  powder  and  projectilen  of  581  and  57!)  jwunds  weight,  c«iD|ilt- 
ing  with  programme  aclopte^l  by  the  Hoard  Decemlwr  12,  1877,  andaji'  i 
proved  by  the  Chief  of  Ordnance  Deeember  18,  1877.  On  the  8tb.  9ll.  I 
14th,  15th,  and  16th  days  of  Febniaiy  tlie  giin  waA  Bred,  in  at),  12  rouDtk 
with  charges  of  powder  increasing  ftom  tiO  to  100  poiuids.  and  nitb  ]»»■ 
jectiles,  all  save  one  of  632  pounds,  of  600  ]>oiuids'  weight. 

On  the  25th  of  February'  the  fioUowing  programme  was  adopted  liv 
the  Board :  | 

Thf  Iloanl  rouMidcnil  h  prngramnic  for  further  trial  of  the  12"  riSr,  lUid  it  *»r  >>- 
solVFil,  Tlinl  Ihc  13"  Hbonid  lip  finxl  'i  nniiiilH  with  650  {Hiiniil  Hhot  and  IW  puDDd'c^ 
powfliT :  2  rnnndH  with  JW  pniind  nhot  nnd  100  pnnniln  of  pnwdt-r ;  2  njniids  iritli  W 
ponnd  xliot  nnd  llOpoiindHof  powdrr;  2runnilH  with  6S0ponnd  (ihot  and  lianiiiwl> 
ofpowder;  2  roniida  with  700  poimd  cliot  and  110  jtoniutH  of  powder;  Sronndtiiiih 
600  ponnd  Hhot  and  120  jiniincU  of  nnwdcr;  2  ninndH  with  6oO  pound  sbot  awIM  i 
ponmlBof  powdrr;  andSronn^KwiiATXtO  pound  «Iiot  and  120  pouniln  of  pow<ift ;  rln-  | 
gnn  to  bo  woiihpd  out,  hIbt  gaiiK"!,  rart-liiU.v  FXaminrd,  and  ^ttn-piTrha  impiHwo 
of  borf>  taki'n  sftiTrnrh  roiinit,  IbFCHrryintiont  of  tlwprogianune  dr)H'nduiB<'I*°''''* 
resiilln  of  thittc  examinationn. 

For  the  first  ten  rounds  following  the  fourteen  above  referred  to  tlii- 
programme  was  cairied  out,  but  on  the  2i)th  and  26tb  rounds  it  vas    | 
deemed  best  to  try  2  roim<ls  with  115  pounds  of  iHiwder  and  proJKliles   i 
of  700  pounds'  weight  l>efore  oomnieiiemg  with  tlie  higher  charge  of  12" 
poiuids.    The  gun  ha»t  Ini-n  tired  in  all  2*i  times,  f«»r  record  of  which  sw 
Table  I. 

KKPECTS  ON   THE  OVN. 

\n  examination  of  tlie  attached  tabic  of  enlargemeuts  (Table  Xi).^ 
shows  a  maximum  enlargement,  after  2«  rounds,  of  0".oi8,  of  vhwb 
0".000  is  line  t4)  the  original  play  iM-tween  tulw  ami  easing.  No  markei 
erosions  or  other  iniia-i-fcctions  have  Itecn  develoiMHl,  save  a  fe»  "'il 
Weill  marks. 

EFFBC'TB  OS  CAKKIA(JE. 

Dtiring  the  eoni-se  of  the  firing  the  carriage  workeil  very  satisfactorily. 
But  ver>-  few  alterations,  which  have  been  already  referrwl  to,  verf 
fonml  net-essary. 

VELOClTtES  AND  rBEBSUEEH. 

If  An  examination  of  Table  So.  1  will  show  that  with  UO  pounds  i.f 
powder  and  a  prttiet^tilo  of  700  inninds'  weight  an  average  velocity  at 
mnzzle  of  1,403  feet  was  obtaine<i,  with  a  corre«|>onding  mean  maxiinuDi 
pressure  of  31,750  pounds ;  xiitli  115  ponnds  of  powder  and  same  weiK"! 
of  shot  the  velocity  was  1,4*5  tect  and  pressure  33,500  iioiinds. 


,  Google 


BEFOKT  OF  THE  COIEF  OP  OBDNANOB  435 

These  resolte  are  very  satisfactory,  wid  compare  £avtH%bly  with  thoee 
stained  abroad  vith  guns  of  similar  ealiber. 


The  Boaixi,  in  submitting  the  above  report  of  progi^ess,  would  call 
attention  to  the  following  extract  &om  a  conununication  sent  to  tbe 
Chief  of  Onlnjmce,  dated  March  6, 1878,  since  which  time  only  3  rounds 
have  been  flred,  and  with  highly  satisfactorj-  rennlts : 

By  lUrection  of  the  OrcliiaiicB  Board,  I  linvc  the  lionor  to  incloR?  herewith  the  lycorils 
of  firinfCH  u|i  to  <lato  with  the  PxpHriiiiciitnl  12".25  rillu,  with  the  following;  reinttrks 
nn  the  Hanie : 

Thin  record  in  accompanied  by  nirefnlly  cnlcnlati'd  tnWes  {pn>par»Ml  hy  Captain 
Phip)i8)  pr  the  renultit  of  firings  made  in  foreign  conntrieH  with  gunn  of  the  Mune  or 
api>ruxiinat4.<  cAlit>eT)i  in  tlieir  moat  n^ceut  trialn.  A  pTpliiuimur  comparison  between 
tbo  ren|iertivo  eystenw  of  eiinB,  proiectil**,  and  the  qni^tied  of  powdent  nscd,  is  thus 
tflonl^d,  and  the  comparatiTe  PirAlnncicN  of  onr  propmied  heavy  ordnance  and  the 
onlnnuce  abroad,  in  u  ballistitr  point  of  view,  can  be  diRciirwnl  from  the  data  thna  col- 
iectiMl  and  laid  before  us. 

The  streuKth  and  endiironre  of  the  syxteui  of  coiled-weldetl  linin);  tiibea,  with  caat 
iron  for  the  exterior  of  ttie  tfana,  has  so  far  only  been  thoronjchly  looted  with  a,  caliber 
of  S  inchi«,  and  only  with  a  Bystttni  InvoIrinK  mazzitt  initertiOD. 

Th*'  ByHtein  of  application  by  muzzle  insertion  of  the  tube  U  the  xame  in  this  cMe ; 
hnt  the  ivRnlbi  (to  far  with  this  higher  caliber  (of  12".25)  are  too  meaner  to  warrant  a 
disciiHttion  an  to  stren^i  and  endurance.  It  may,  however,  b«  stated  fitim  the  resnlts 
•o  far  attained,  usin);  tut  we  have  chaTKes  ae  hi)ili  an  110  pounds  of  powder  and  700- 
pound  pmlectiles,  that  we  have  a  fair  proraiHe  of  nuceew ;  the  tube  showing  no  ma- 
terial evidence  of  any  nerions  imperfections — the  ^-stem  beinR  regarded  tangentially 
ef  sufficient  Htrvngth— and  the  preMiuvH  attained,  and  the  generally  favorable  reault«, 
both  with  prnje<'tile8  and  powders,  removing  no  far  any  Bpe<'inl  apprehension  as  to 
the  Hntisfavtory  pnisecntion  of  our  M>ntemplated  expi'riments. 

Any  diwiuwiou,  however,  aa  to  this  point  wonid,  at  present,  he  premature.  The  ob- 
.ject  of  this  conmiunication  is,  more  particularly,  to  call  the  attention  of  the  depart- 
ment to  the  ballistic  pTojierties  of  the  gnu  as  developetl  by  these  experiments. 

TIu'  eswutial  features  which  coutribnie  to  any  superiority  over  others  in  this  respect 
■re  length  of  bore,  character  of  projectile,  and  powder. 

The  inclosed  table  shows  as  foIlowH  reganling  the  leugtlis  of  Ixires,  to  wit : 

American  (12".25) 227 

Kngli«h{12")25tons 145 

Knipp(l!J".0(W) 222.5 

Italian  {ia".6) 26S 

The  length  ado^ited  by  us,  it  is  lielieved,  will  t^ve  ns  all  the  nnefol  effects  which  can 
l>e  attained  from  tliis  source,  and  by  securing  a  thorough  consumption  of  maximnm 
ehnrges.  This  bus  Ih'CU  practically  proved  by  onr  prutn-ut  experiments,  an  the  absence 
■       •       ■'         ■  rtlasb  ■  -"^ 


__   isniued  grains  of  iiowder  has  beffli  esiwicially  markeil, 

Onr  irawders,  it  will  be  seen,  also  have  given  marketl  superiority  in  velorities  and 

SireiwiireB  attnineil,  the  former  risiug  over  those  given  by  corresponding  charges  in 
blvign  Hervices,  and  the  latter  being  considerably  lower  in  the  majority  of  cc-^  '- 


whicL  comparisiiUH  have  been  institiitvii.  ■  •  "the  energies  attained,  or  rather  the 
eapai'ities  for  work  (the  gist  of  tlie  whole  subject),  are  given  for  different  chargeit  and 
wpiKhts  of  projectiles  in  the  incloscil  Table  No.  :). 

The  differeucen  in  charges  and  weights  of  projectiles  in  our  tests  and  in  those  of  the 
Enro|>ean  powers  do  not  permit  a  complete  comparison  ;  but  sufflcieiit  can  be  seen  t-o 
abow  an  equal  if  not  a  decidedly  superior  capacity  for  work  in  the  cose  of  the  Ameri- 
can experimental  rifle.  •  For  iuslance,  the  English  25-ton  gnu  has  given  less  energy  by 


ith  85  pounds   of  powder  and  a  606-iiound   projectile  than  thi 
Kninp,  with  88  pounds  and  664-poiiiid  pnijeetile,  has  given  1,'iS' 
foot-tons  lens ;  and  tho  Italian  with  ItO  pounds  and  7T0-|Hiund  projei^tile,  has  only 


yield«l  a  little  over  400  foot-tons  more ;  our  guH  luiHg  aiilg  HO  (muiidA  ofpoipdvr  anil  600- 
poutid  arigkl  of  ihot.  With  110  ponnils  of  powder  mid  a  70O-iiound  projectile,  the 
American  rifle  yields  9,551  foot-tous,  an  eiierpy  about  iw  gn-at  hh  any  eiin  now  known 
for  this  charge,  and  decidedly  suiierior  to  Kmpp's  and  the  Italian  (sec  table)  neing 
heavier  charge*. 


.'.oogic 
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With  these  enconraging  reeults,  we  have  only  uow  to  develop  a  strong  and  Jm 

Bjgt«m  of  gnQ  conatnictian,  having  in  our  poivders  and  iirojeotilea  and  our  liflin; 
leriKtti  of  bore,  elements  which,  when  combined  in  a  riile,  vrill  enable  Ji»  to  myt 
believe,  succeaefuUy  with  the  most  powerful  12"  giuui  of  the  world. 

In  coadnsiou,  it  ma;  be  stated,  the  carria)^  gives  every  promiso  of  ancrrv  in  ' 
direction.  It  has  sufficient  streugth  in  all  its  parts  and  geucrolly  f iiacti<Mi'i  wt' 
torily,  in  its  stability  on  its  platform,  its  uieaua  of  checking  recoil,  for  ekviiir^ 
depressiiig,  A.C.,  and  more  especially  in  its  important  feature  of  the  apprx-in 
being  held  in  position  for  loading  by  its  ulut^hes,  which  latter,  in  conjuncii"' 
the  inclined  plaues  and  carriage-rollers,  renders  the  operation  of  aurely  and  ]«•*  p 
numing  into  battery  a  complete  success. 
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APPENDIX  S  5. 

TRIAL  OF  Ift-INCH  RIFLR  No.  1,  MADE  APRIT,.  187rt. 

(One  ])iate.) 

Tbifi  gaa  was  converted  by  1>oriug  up  a  Kuiooth-bore  13-mcli  Boduian 

and  insertiQg,  from  the  muzzle,  n  (;oile<l  wntuglit-iron  lining-tube,  on  tbe 

plan  known  att  syHt^ui  No.  '2.    For  full  description  of  ^in  and  details 

of  construction  see  report  of  the  Constructor  of  Ordnance.     (Si'.e  page   .) 

CARRIAGE. 

The  can-iage  used  was  one  iMlapted  to  the  15-iuch  Roilnian  gnu,  hav- 
ing two  pneumatic  buffers.  The  only  altemtions  were  the  enlargement  of 
the  trunnion -beds,  noceasitatwl  by  the  use  of  eceentriti  trunnion-lings  on 
gun  for  correcting  muzzle  prei>onderanee,  anil  in  making  the  tnuinion  bed- 
plates IJ  inches  wider  on  vtu-h  side  to  allow  for  the  diffeifuce  of  size  of 
guns  l>etween  rimbaseK. 

POWDER. 

The  powder  emploj-ed  was  l>u  Pout's  hexagonal  F  P  (B),  having  a 
density  of  1.785  and  granulation  of  07.  For  the  average  velocities  and 
pressures  with  the  varying  cliarges  of  from  40  to  80  pounds  of  powder, 
see  table  No.  1  appende^l. 

PROJEt'TII.BS. 

The  projectiles  were  all  of  the  Butler  pattern,  and,  with  the  exception 
of  one  weighing  305  i>ounds,  of  4O0  pounds  weight.  For  sba)>e  and 
general  dimensions  see  Plate  I. 

EXPBRIMKXT8  AND  TESTS. 
(Table  No.  1.) 
For  the  first  ten  rounds  the  gun  was  fired  with  charges  of  powder 
increasing  &om  40  to  80  pounds  (two  rounds  each  of  40,  50,  60,  70  and 
80  pounds)  to  note  resulting  veliK^ities  and  pressures,  and  the  effects  on 
the  gun.  Ten  rounds  were  next  flivd  with  70  pounds  of  powder. 
aft«r  whicli  8  rounds  with  80  ]K)UihIs  of  i)owder  were  fii'ed,  return- 
ing to  70  pounds  of  powder  for  the  following  5  rounds,  making  in  all  33 
founds  flml.  The  gun  was  from  time  to  time  star-gauged,  examined, 
and  impressions  of  Iwre  taken. 

EFFECTS   ON   THE   GUN. 

An  examination  of  table  No.  %  a<.'compun,\1ng,  shows  a  maximum  en 
largement  after  ;(2  rounds  of  0".li;t,  0".04,'i  of  which  is  due  to  the 
original  play  in  the  constmctiou  l»etwe<'n  the  tube  and  casing.  The 
impressions  of  the  l>ore,  which  wei-e  irequently  taken  during  the  flrings, 
show  neither  sensible  erosions  nor  si>e<'ial  or  unusiml  developments  of 
coil- weld  marks. 

EFFECTW  ON   CARRIAGE. 

The  carriage  worked  satisfactorily  throughout,  no  special  develop- 
ments worthy  of  note  occmxing. 

R^SUSI^   OP  RESULTS. 

The  I'esults  of  tbe  firings  so  far  nmde  are  highly  satisfactory  and 
promise  well  for  the  special  system  of  4-o  list  ruction  of  the  tube.  In  a 
ballistic  point  of  view,  the  power  of  tbe  gun  compares  favonibly  wit^ 
that  attained  by  gnus  of  same  i^liber  in  foreign  .st>r^~iocs.  Further  tests 
coutemplated  to  be  matle  will  settle  tbe  (piestion  of  its  eudnraiice.       ^^^^ 
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APPENDIX  80. 

TRIAL  OF  e-lNCH  BREECH-LOADINO  RIFLE,  MADE  AUGUST,  1878. 

(One  plate.) 

OUN  AND  CARRIAGE. 

The  gim  and  can-inge  have  been  ftilly  described  by  the  Constrnctor  of 
<)nlnan<*  (yaRes  359  and  365). 

POWDER  ASD  PEOJECTILES. 

The  powder  so  far  iised  has  been  Dn  Font's  hexagonal  F.  P.  (B.);  den- 
sity, 1.785  i  granulation,  07.  The  projectiles  were  of  the  Butler  pattern, 
averaging  in  weight  about  185  pounds.  They  differ  from  those  used  in 
the  8"  muzzle-loading  rifle  only  in  the  shape  of  the  sabota,  the  lip  of 
whieh  has  a  slight  flare,  to  prevent  the  projectile  in  loading  being  po^ed 
beyond  its  proper  seat.     For  general  features  and  dimensions  see  plate. 

F.XPEHIMENTa  AND  TESTS. 

The  rifle  wat*  rei-eived  at  Sandy  Hook  July  8,  and  wa«  ready  for  firing 
August  1.  It  has  been  flred  up  to  date  ui  all  34  rounds,  with  charges  of 
powder  as  folIowH :  One  with  15  pounds,  2  with  20  pounds,  3  with  25 
pounds,  3  with  30  i>onn<is,  and  25  with  battering-charts  of  36  pounds, 
ttHuig  in  all  cases  projectiles  of  about  185  pounds  in  weight. 

The  resnltK  are  normal  as  to  energies  and  pressures,  and  the  gnn  re- 
mains in  a  sound  and  ser\-iceable  condition  and  now  awaits  the  nirther 
|m>rtf  contemplnte«l  by  the  department. 
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APPENDIX  T. 

REPORT  OF  THE  BOARD  OP  OFFICERS  CONVENED  IN  CONFORMITY  WITH 
THE  ACT  OF  NOVEMBER  21,  ISH,  TO  SELECT  A  MAGAZINE  GUN  FOR  THE 
MILITARY  SERVICE. 

(Twenty-one  plates.) 

National  Abmoet, 
Springfield,  Mass.^  September  28, 1878, 
Sir  :  I  liave  the  honor  to  forward  to  your  address,  by  to-day's  express 
tlie  reimrt  of  the  Board  on  Magazine  Guna,  von^etied  at  National  Armory 
by  ^irtne  of  General  Orders  No.  115,  Hea^lquarters  of  the  Amiy,  A<^u- 
tant-General's  Office,  Washington,  December  18,  1877. 

Very  respectfully,  your  obeilient  sen-ant, 

J.  G.  BENTON, 
lAeutenant' Colonel  of  Ordnance, 
President  of  Board. 
To  the  Adjutant-General,  TJ.  S.  A., 

Washington,  D,  C. 

[First  indorsement.] 

Adjtjtant-Gbnbbal's  Office, 

Washington,  September  30, 1878. 
He8i>ectfidly  referred  to  the  Chief  of  Ordnance. 

E.  D.  TOWNSEND, 

A  djutan  t-  General. 

[Second  lodorsemeut.] 

Ordnance  Office,  War  Department, 

Washington,  October  1, 1878. 
Respectfiilly  snbmitted  to  the  Secretary  of  War,  with  the  recommenda- 
tion that  the  report  and  recommendation  of  the  Board  on  Magazine  Guns 
be  approved,  and  that  this  department  carry  out  the  pro\'i8ion  of  law  by 
expending  at  the  National  Armory  $20,000  in  the  manufacture  of  the 
Uotcbkiss  magaziue-gun.  No.  19. 

S.  V.  BENfiT, 
Brigadier-Qeneral,  Chief  of  Ordnance. 

Approved. 

GEO.  W.  McCRAEY, 

Secretary  of  War. 
October  1, 1878. 
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Xational  Abuobt, 
Springfield,  Most.,  Sqttembur  23, 187& 
In  parsaaoM  of  Oeneral  Ordera  So.  115,  from  the  headquarters  of  tbe 
Army,  dated  December  18,  1877,  the  B(Wd  met  on  the  3d  (Nf  A|«il, 
1878,  and  haa  continued  in  session — with  the  exception  of  such  adjourn- 
ments BS  were  authorized  by  the  Secretary  of  War  and  necessitated  bv 
the  delay  of  invent^M'e — up  to  the  present  time,  when  a  compliance  vidi 
instmctiouB  &om  the  Secretary  of  War,  limiting  the  time  for  reception 
of  arms,  has  terminated  its  duties. 

The  Board,  in  the  discharge  of  these  duties,  has  tested  all  ttie  gnnepit- 
8ent«d  uniformly  and  in  the  manner  that  seemed  to  it  best  adapted  to 
determine  the  question  of  tlieir  suitability  for  the  military  8er\ice,  as 
well  as  to  determine  their  comparative  merits  in  that  reelect. 

The  regulations  for  the  trials  adopted  by  the  Board  are  given  in  the 
appendis. 

Its  exiieriments  to  test  the  liability  of  accidental  explosion  of  cartridges 
in  the  magazine  seem  to  show  that  there  is  little  probability  of  snob 
explosion  when  using  the  inside-primed  service-cartridges,  or  even  with 
the  exterior-primed  cartridges  direct  from  the  factor}',  when  fabricated 
and  inspected  with  the  care  and  attention  usually  given  them.  With 
cartridges  reprimed  in  the  field  or  garrison,  risks  may  be  intiodooed 
which  have  not  come  within  the  scope  of  the  investigations  of  the  boani. 
From  the  satisfactory  manner  in  which  the  Hotchkiss  gun,  No.  19,  has 
paaaed  these  tests,  and  troxa  its  combination  of  strength,  simpUeitT, 
and  great  eftectiveuess  as  a  single  loader,  the  Board  is  of  tbe  opinion 
that  the  Ilotctikiss  guu,  No.  lit,  is  siutable  for  the  military  service,  and 
it  does,  therefore,  recommend  it  as  such. 

J.  G.  BENTON, 
Lieutenant-Colonel  of  Ordnance,  President  of  Boar^. 
F.  H.  PAKB^K, 

Major  of  Ordmiat. 
J.  P.  FARLEY, 
Major  of  Ordtianrt. 
There  being  no  Airther  business  before  it,  the  Board  adjourned  titie 
die. 

J.  G.  BENTON, 

Iiieutenant-Oolonet  of  Ordnance,  President  of  Board. 
John  E.  Obeeb, 

Oaptain  of  Ordnance,  Recorder  of  Board. 
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The  following  iiMgnliiii  flniin  « 


DOCKET. 
!•  received  and  entered  on  tlie  docket: 


Number  or  gun. 

ITUMOtfUI. 

S!^hS?°-»"'- 

KS^^.r^'' 

WincheetfT  AnnH  Compniiv, 
Wli«hfrt.r  Arnui  Cmnpuiy. 

iS::::-v.;:::::-::;;:;.;::; 

LewlH-Rlce 

v^^ 

Whitney  Ann.  Oinp«y. 

^ 

Proceedings  of  a  Board  appointed  for  the  purpose  of  selecting  and  recom- 
mending a  magazine-gun  for  the  viilitary  service,  nkmild  one  be  found 
suitable,  which  convened  at  Ike  National  Armorg,  Massachusetts,  April  3, 
1878,  pursuant  to  tkefolloicing  orders : 

[Geueml  Ordent  No.  115.] 

HEAIXlUARTERa  OF  THB  ARMY, 

Adjutast-Gknkral'b  Office, 

IVa»hingloH,  Deeembvr  19,  18J7. 

The  following  order  ia  received  from  the  War  Department: 

The  act  making  appropriationaforthe  Hunport  of  the  Army  ibi  the  year  euding  .Tiine 
30,  I?)79,  and  for  other  pniposea,  anpnived  November  21,  1877,  coatains  this  provision: 

"  For  manufacture  of  arms  at  the  National  Armory,  one  Imndred  thousand  dollars; 
ami  shonld  a  board  of  ordnance  offltets,  oiipoiiitcd  by  (he  Secretary  of  War,  recom- 
mend a  mogadiie-Ruu  for  the  military  service,  the  Secretary  of  War  is  authorized  to 
ext>cnd  not  more  than  twenty  thousand  dollan  of  thia  amount  in  its  manufacture." 

In  conformity  with  this  law,  a  Board  will  assemble  at  the  National  Armory,  Spring- 
Bel<l,  Mass.,  on  the  3d  day  of  April,  1878,  to  consider  and  recommend  a  magaEiue-gun, 
should  one  he  found  suitabln,  for  tie  military  service. 

Delailfor  the  board, — Liout.  Col.  J.  G.  Benton,  Ordnance  Department. 

Mt^.  F.  H.  Parker,  Ordnance  Department. 

Capt.  J.  H.  Rollimi,  Ordnance  Department. 

First  Lieut-.  J.  E.  Greer,  Orditance  Department,  will  report  to  the  President  of  the 
Board  for  dut^  as  reconlcr. 

All  [)crsoaB  interested  in  magazine-guns  ore  invited  t«  submit  samples  and  appMr 
in  peraim,  under  such  rules  as  may  bo  adopted  b^  the  Board.  The  arms  submitted 
must  be  calibre  .45,  and  use  the  United  States  service  cartridge. 

Any  information  re()uintd  by  those  interested  may  be  obtained  of  Colonel  Benton, 
National  Armory,  Springlleld,  Moss. 

The  Chief  of  Onlnanre  wilt  snpply  such  information  and  offer  such  facilities  to  thtt 
Eloard  aa  may  be  necessary'  in  the  prosecntion  of  its  labors. 

By  command  of  General  Sherman. 

E.  D.  T0WH8END, 

A  diutan  t-  Qmwal. 

Official. 

E.  D.  TOWNSEND, 

Adjaiaat-Gtaerah 
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[Speoial  Orders  No.  50.] 

HtCADQUARTBRS  OF   TUB  ARMY. 

AlMi;TANT-GF.NKRAI.'a  OFFIrt- 

fTailiingloii,  Mmn*  ^  K' 


is  detailed  w  a  incinlH^r  of  the  Biwrd  uppointed  to  niwvniblti  at  the  Katiim 
Suringfielil,  Mn«H.,  mi  the  3d  dii.v  of  Aiiril,  H7rt,  by  Goiienil  Ordom  No.  tlo.  l>f  ■;  •' 
IS.  Igh,  from  this  oflii^,  in  plaraof  Cajil.  J.  H.  Hollius,  Ordti»nce>  Duparttnnii.l-  ' 
relieved. 

Br  command  of  Gii>iioral  SUermaii. 

E.  D.  TOW7.SEMI 

Offlciivl : 

L.  n.  Pklouzk, 

Axnitant  Adjukml-Genrra}. 

Office  of  the  Board  on  Magazine-Guns, 

National  Armory,  Springfield,  Moms.,  April  3.  l'>- 

Tbe  Board  met  pursuant  to  the  foregoing  orders. 

Present:  All  the  members  aud  the  recorder, 

Tlie  Board,  after  discussion,  adopted  the  following  rtilea  and  t<^~-'' 
the  trial  of  all  magazine-giins  submitted  under  the  order: 

The  piece  to  be  first  flred  ten  rounds  bj'  the  exhibitor,  an  a  t(<  ■' 
safety ;  the  same  firing  to  l>e  also  a  test  of  rapidity  by  one  familiai^- 
the  arm.    The  time  to  be  note<l  in  the  record  : 

The  firing  to  be  then  continued  according  to  the  rules  annexeiL^'  £ 
employ^  of  the  armory,  or  soldier  detailed  by  the  War  Departnxin- 

The  service-cartridge  to  be  used  in  all  caaea. 

No  persons  will  lie  admitted  to  the  firing-ground  bat  the  acru:-'^ 
exhibitors  of  the  gun  immediately  under  trial,  and  such  other  yer^*'  >' 
may  be  speeially  uivited  by  the  Board. 

The  handling  of  guns  by  their  rejiresentatives  at  oKtf  tame  sftt*^ 
preliminary  test  for  safety  is/orbidden. 

Any  arm  which  has  been  submitted  to  the  Board  aud  entered  nt*^- ' ' 
reex>rd,  shall  remain  ui  the  hands  of  the  Board  for  sticb  time  at  m-}  *■ 
necessary  to  make  dravt^ngs  explanatory  of  its  mechanism. 

If  a  gun  become  disabled  or  unserviceable,  all  further  tests  will '» ■ " 
continued,  aud  the  projirietor  iufunned  of  the  fact.  If  the  gaii  U;i"wt 
aud  resubinittetl  to  the  Boanl,  it  win  be  treated  a«  a  new  jfun. 

HEGULAE  TESTS. 

Safety  test :   To  be  fired  ten  rounds  by  the  exhibitor  or  iritk  a  i«=»  "•<■ 

I.— Rapidity  with  accdeacy. 

The  ntunber  of  shots  which,  fired  in  two  muiutes  from  the  pmi— •** 
as  a  ntagiiKiiie-gun  and  as  a  single  shooter — strike  a  target  6  1**;' 
feet  at  a  distance  of  100  feet    Any  cartridges  niissuig  lire  iu  tii- 
other  tests  to  be  trie«l  with  a  prick  punch,  or  opened  to  aflcffuis  ''i 
cause  of  failure.    The  test  to  be  i>egun  with  the  chamlter  or  noin^ 
filled ;  other  cartiidgeB  to  be  disposed  at  viM  ou  a  table. 

n. — EAProiTY  AT  WILL. 

The  number  of  shots  which  can  be  fired  in  one  minute,  iirmptvtiK 
aim,  under  the  same  circumstances  as  in  Test  I. 
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III. — EXDURANCE. 

Ea«b  gun  to  be  fired  500  continaouB  rounds  witbout  cleaning,  using 
the  magazine.  The  state  of  the  breech  mechanism  to  be  examined  at 
the  end  of  every  50  ronuds. 

rV. — DEFBCTrVE  CARTBtDQES. 

Each  gnn  to  be  fired  once  with  each  of  the  following  defective  car- 
tridges: 1.  Cross-filed  on  head  to  nearly  the  thickness  of  the  metal.  2. 
Cut  at  Intervals  around  the  rim.  3.  With  a  longitudina]  cut  the  whole 
length  of  the  cartridge,  from  the  rim  up.  A  ft«8h  piece  of  white  paper, 
marked  with  the  number  of  the  gun,  being  laid  over  the  breech  to  observe 
the  escape  of  gas,  if  any  occur. 

Y. — Dust. 

The  piece  to  he  e:ipo8ed  in  the  box  prepared  for  that  purpose  to  a 
blast  of  fine  sand-dust  for  2  minutes :  to  be  removed,  flred  20  rounds, 
replaced  for  2  minutes,  removed  and  fired  20  rounds  more. 

VI.— RiTST. 

The  breech  mechanism  and  receiver  to  be  cleansed  of  grease,  and  the 
chamber  of  the  barrel  greased  and  plugged,  the  butt  of  the  gun  to  be 
inserted  to  the  height  of  the  chamber  m  a  solution  of  sal-ammoniac  for 
10  minutes,  exposed  for  two  days  to  the  open  air  standing  in  a  rack,  and 
then  fired  20  rounds. 

VII. — EXCESSIVB  CHABOES. 

To  be  flred  once  with  85  grains  of  powder  and  one  ball  of  405  grains 
of  lead ;  once  with  00  grains  and  one  ball,  and  once  with  90  grains  and 
two  balls.    The  piece  to  be  closely  examined  after  each  discharge. 

SUPPLEMENT AEY  TESTS." 

Ist.  To  be  fired  with  two  defective  cartridges,  Nos.  1  and  2,  and  then 
to  be  dusted  five  minutes,  the  mechanism  Iteing  in  the  mouth  of  the 
blow-pipe,  and  closed,  the  hammer  being  at  half-cock ;  then  to  be  fired  6 
shots,  the  last  two  defective  Sos.  1  aiid2;  then  without  cleaning  to  be 
dusted  witli  the  breech  open,  and  fired  4  shots.  The  piece  to  be  freed  from 
dust  only  by  pounding  or  wiping  with  the  l>are  hand. 

2d.  To  be  rusted  for  4  days  after  immersion  as  before,  and  then  flred 
5  rounds  with  the  service  cartridge;  then  without  cleaning  to  be  flred  5 
rounds  with  120  grains  powder  and  a  ball  weighing  1,200  grs.:  the  gnu 
to  stand  twenty -four  hours  after  firing  without  cleaning,  and  then  to  be 
thoroughly  examined. 
3d.  Facility  of  manipulation  by  members  of  the  Board. 
4th.  Liability  to  accidental  explosions  of  cartridges  in  the  magazine- 
Additional  tests  may  be  made  by  the  Board  to  clear  up  doubts  raised 
by  previous  trials. 

Mr.  Merwin,  of  the  firm  of  Merwin,  Hulbert  &  Co.,  appeared  before 
the  Board  and  expressed  a  desire  to  bring  before  it  aa  Evans  gun,  cal.  ■ 


Ls  have  poBxed  through  the  regular  test  il 


■oc-^k' 
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0".44,  aud  to  have  a  siMicial  report  on  it  preceding  tlie  final  reiiort  of  the 
Board. 

Mr.  Merwin  informed  tlie  Board  that  he  had  made  application  to  tie 
Chief  of  Ordnance,  U.  S.  A.,  to  this  eflWit,  expressly  stating  that  the  (run 
was  cal.  0".44,  using  a  cartridge  ccnitaining  50  grains  of  powder.  ITe 
presented  a  letter  from  the  Chief  of  Onlnance  wliicb  lie  stated  was  in 
reply  to  hia  own  letter,  in  which  the  Chief  suggested  that  he  bring  hU 
gun  hefoi-e  the  Board.  On  consideration  the  Hoanl  det'ided  that  uniler 
the  terms  of  the  order  constituting  it,  it  could  not  entert^n  this  ap]>lica- 
tion  without  special  instructions  from  proper  authority. 

There  being  uo  further  businesa  before  it,  the  Board  a<^unied  to  meet 
St  10  a.  m.  the  4th  instant. 


National  Abmoey,  Mass., 

April  4,  18V& 

The  Board  met  pursuant  to  adjournment. 

Freseut :  All  the  members  and  the  recorder. 

Messrs.  Bichards  and  Whitney  presented  a  magazine-gun,  on  bebalf 
of  General  W.  B.  Franklin,  which  was  examined  and  discn^ed  b.v  tbe 
Board.  The  Board  then  submitted  this  gun  to  the  regular  tests  with 
the  results  stated  in  the  synopsis. 

There  being  uo  further  business  before  it,  the  Board  a^oumed  to  uwet 
at  10  a.  m.  tbe  6th  instant. 


National  Abmoey,  Mass., 

April  5, 1874 

l%e  Board  met  pursuant  to  adjournment. 

Present:  All  the  members  and  the  recorder. 

The  Board,  after  discussion,  decided  that  the  Franklin  gun  was  nn- 
serviceable  and  that,  in  aceoniance  with  the  rules  adopted,  fiirthertests 
should  be  discontinued. 

Mr.  Merwin,  of  Merwin,  Ilulbeit  &  Co.,  withdrew  his  applicntion  of 
the  3d  to  have  tlie  Evans  gun,  eal.  0".44,  tested  and  reported  on  pre- 
vious to  the  final  rejmrt  of  the  Board.  The  following  letter  was  received, 
read,  and  directed  to  be  i>laced  on  the  record : 

CIL _ , 

Wa»kingU>H,  April  i,  l^'^- 
The  PREaiDENT  of  tub  Board  os  Magazine  (ivsn, 

S'alioiial  Armory,  -Sprliii^etd,  Man.  : 
8itt;  The  Chief  of  Ordnance  having  receivod  thefoUo'sriiigtolegr»iihicmffl8»gf.  vi'^ 

" Hphl-^gfibld,  Mass.,  Aprils,  1S8. 
"0«nenl  S.  V.  BenAt, 

"Chief  of  OrdaaKee,  WatMnglon,  D.  C: 


e  reaper t fully  nnk  f«r  an  order  of  trial  niid  Hjuirial  rt>]ioi 
at  ei|iriiif;Ki'ld  for  Eva  


veiieil  at  ii)iriii);Krld  for  Evans  ann  rofi'm^l  U 
hesitate  about  trying  a  0".44  caliber.    Awaiting  early  rejily  liy  « 
'  "Miuisasoit  HoiiHH. 

"MKRWIN.  HULBERT  A  CO-" 
cubinitled  it  to  t)if  Sccmturj'  of  War.  witii  tliis  iudorsKii 


^'.oogle 
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"Oi>i(!iA»fCE  Oppice,  War  Depahtment, 

••April  i,  liS78. 
"  Reflpoctf ully  BUlimiMM  to  the  SectPtary  of  War,  rpmmmoniliiifc  that  the  Board 
Bhnuld  tn-Bt  all  gniiM  nliki-,  ami  ni>  exRtiiitUiiial  an<l  it|iM'i»l  trial  and  report  ahoiild  be 

tenuitl«l  with  thf  Kvann  or  any  otli«t  gUDtt,  beeaum:  the  law  eontoiiiiilates  the  «•- 
fcti<m  of  (iDP  few  till"  wn-itp. 

"A  cuti  of  ralilwr  0".44  mi'dnot  bt-  thn>wit  out  ifthi'  trial  will  prove  its  merits  when 
nfliiig  reKuli^tioti  annuunitioii,  aad  this  xhould  be  left  diacretionary  with  the  Board.' 

The  Cliiff  of  Ordnaiife  dJKi'ts  me  to  inform  you  that  the  Secretary  haa  approved 
the  viewn  expressed  iu  the  aliore  iiidorsempnt,  and  that  they  are  now  ^iven  yon  for 
your  guidance  in  this  and  any  fbture  ciuvn  of  like  character  that  may  anse. 
Reai>eotfully,  yonr  obotlient  servant, 

8.  C.  LYFOKD, 
Major  of  Ordnanoe, 

There  being  no  further  bosiiieas  before  it,  the  Board  adjourned  to 
meet  at  10  a.  m.,  the  Cth. 


Natioital  Abmobt,  Mass., 

April  6, 1878. 

The  Board  met  pursuant  to  adjournment. 

Present:  All  tlie  members  and  the  recorder. 

Letter  was  received  from  Mr.  Joeiah  Dupau,  asking  ii^rmatioa  as  to 
time  of  meeting;  of  Board  and  when  it  could  consider  bis  invention. 
The  Board  direct**!  the  reconler  to  notify  Mr.  Dupau  that  it  was  now 
in  session  and  would  examine  luearm  aa  soon  as  [H^seuted. 

As  ttiere  were  no  gnns  before  it  for  consideration,  the  Board  ad- 
joomed  to  meet  at  10  a.  m.,  ttie  8th. 


iNATioNAi.  Abmobt,  Mass., 

April  8, 1878. 

The  Board  met  pursuant  to  a<tjoiiniment. 

Present:  All  the  members  and  the  recorder. 

A  letter  was  received  from  General  Franklin,  asking  permission  to 
withdraw  his  gilli  for  alteration,  to  which  the  Board  assented. 

The  commanding  ofBeer,  National  Armory,  submitted  the  Ward-Bur- 
ton magazine-gun  reterretl  to  in  the  report  of  the  Board  on  breech-load- 
ing small-artiis,  of  wliich  General  Terrj*,  U.  S.  A.,  was  president.  This 
gnn  was  the  property  of  the  XTnited  States,  having  been  made  at  the 
Armory  in  1873,  under  the  diivction  of  General  Ward  and  his  agent. 

Tlie  Board  proceedcHl  to  the  trial  of  tliis  arm  with  the  result  as  stated 
in  the  synopsis. 

Thei-e  l>eing  no  further  business  before  it,  the  Board  a^'oiimed  to 
meet  at  10  a.  m.,  tlie  Oth. 


National  Aemoey,  Mass., 

April  9, 1878. 
Boanl  met  pnrwuaut  to  a(yoiimment. 
Present:  All  the  memlters  attd  the  reeonler. 

It  having  been  stated  to  the  Bimrd  that  the  Ward-Burton  magazine- 
gnn  work^  satietiwforily  with  brass  shells,  the  test  was  resumed  with 
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United  States  Cartridge  Company'a  cartridges.  Triat  having  demm- 
Btrated  tliat  the  same  trouble  exiHte<l  as  before,  the  gun  was  withdrawn 
by  the  commaudiDg  officer,  fTational  Amiory. 

The  Sharps  Rifle  Gomi>any  preseuteil  a  magazine-gun  which  the 
Board  examined  and  tlien  submitted  to  tlie  prescribed  tests.  The  re- 
sults are  stated  in  the  syuopsis. 

There  being  no  further  business  before  it,  the  Board  a^jotuned  to 
meet  at  10  a.  m.,  the  10th. 


Natiomal  Abmobt,  Mass., 

April  10, 1878. 
The  Board  met  pursuant  to  adjourument. 
Present :  M^jor  Parker,  Mtgor  Farley,  and  the  recorder. 
Absent:  Colonel  Benton,  on  official  duty. 
The  following  letter  was  received,  read,  and  entered  on  the  record: 

Okdnakce  Office,  Wab  Department, 

WMhiiistm,  April  6, 1^ 
But:  In  an  indonteiiient  of  April  4,  18TS,  appmved  by  the  Secretary  of  War,  vUd 
waa  comniDiiictit^it  for  the  infomiiition  of  your  Bnnni,  I  iiwil  the  followiug  languigt: 
"A  gun  of  cal.  0"M  nend  not  be  throwii  out,  if  the  trial  will  prove  its  merits  wbfO 
aaing  reculatioD  unin  unit  ion."    My  meaning  iothia:  that  a  Kim,  say  of  cal.  l>".U,iuuiK 
a  cartridge  smaller  than  ttie  recutatiou,  say  with  40  or  50  (craiiu  powder,  nerd  iiil  te 
thrown  oiit,  if  iu  the  oiiiuion  of  the  Board  its  trial  wUI  prove  that  it  will  dommUi 
well,  if  made  of  cal.  0".45,  and  use  the  repilatiou  cartridgp.    Tht  idea  beiug.  liiH« 
a  m^azino-fjpin  for  the  military  senice  niMl  use  the  regnlntinn  rBrtrid|re  andbrof 
cal.  v'.iS,  there  is  no  use  tryinj;  a  Run  of  smaller  caliber  and  using  a  lighter  euttidgc, 
if  the  Board  believe  that  it  wnuld  fail  u  a  cal,  0".4S  using  the  regulation  csitridp. 
-which  will  ucce«aarily  strain  the  sfBtem  so  much  more. 
Respectfully,  your  obedient  servant, 

8.  V.  BESfiT, 
Briga^er  General,  Chirf  of  OriMna- 
Lient.  Col.  J.  G.  Benton, 

Prt*id«»l  of  ihs  Axtrd  im  Masfuint-Gviu, 

National  Armorg,  Springfield,  Mat*. 

The  Board  then  resumed  consideration  of  the  Sharps  Bifie  Company's 
magazine-gun. 

After  deliberation  it  was  decided  to  slightly  modify  the  extractor  and 
then  resume  the  test. 

One  guard-Rcrew  was  found  broken.    A  new  one  was  substituted. 

Mr.  C.  B.  Hunt  presented  a  magazine-gun,  cal.  0".44.  The  Board  ei- 
amined  this  arm  but  decided  to  teke  no  action  in  regard  to  it  until  the 
full  Board  was  present. 

The  alteration  of  the  extractor  having  been  completed,  the  firing  vas 
resumed  with  Sharps  Rifle  Company's  gun.  The  results  are  given  in 
the  synopsis. 

There  being  no  further  business  before  it,  the  Board  a4Joamed  to  me«t 
at  10  a.  m.,  the  12th. 


National  Abmoby,  Mass., 

April  13, 18ia 
The  Board  met  pursuant  to  adjonmment. 
Present :  All  the  members  and  the  recorder. 

Mr.  C,  B.  Hunt  preeent«d  bis  0".44-caliber  magazine-gun,  and  drawings 
of  a  similar  gun  of  (>".45  caliber  intended  to  use  the  service-cartridge. 
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lie  explained  the  gim  and  drawingn  to  the  Board.  In  {>resence  of  the 
Board  he  fired  15  cartridges  from  his  giin,  loading  &om  the  magazine, 
by  way  of  showing  its  working  qualities. 

After  lUseiission,  the  following  decision  was  directed  to  he  entere<i  on 
the  record : 

"  The  Board  is  of  opinion  that  Mr.  Hunt's  system  of  a  magazine-gun 
possesses  merit,  but  as  the  piece  submitted  by  him  is  not  of  the  regula- 
tion caliber,  the  Boawi  is  miable  to  subject  it  to  the  prescribed  tests.  It 
therefore  suggests  that  a  gun  of  0",45  caliber  be  submitted  for  trial." 

A  copy  of  this  decision  was  directed  to  be  furnished  Mr.  Hunt. 

There  being  no  further  business  before  it,  the  Board  adjourned  to  meet 
at  10  a.  m.,  the  13th. 


National  Aemort,  Mass., 

April  13, 1878. 
The  Board  met  pursuant  to  adjournment. 
Present:  All  the  members  and  the  recorder. 

'So  guns  having  been  presented  and  there  being  no  business  before  it^ 
the  Board  adjourned  to  meet  at  10  a.  m.,  the  15th. 


National  Abuobt,  Mass., 

April  15, 1878. 

The  Board  met  pursuant  to  adjoummeut. 

Present:  All  the  members  and  the  recorder. 

Mr.  Borchardt  presented  a  Sharps  Bide  Company's  magazine-gun. 

Mr.  H.  H.  Lewis  presented  a  magazine-gun  called  the  Lewis-Kice  gun. 

These  guns  were  examined  by  tiie  Board  and  then  submitted  to  the 
prescribed  tests.    The  results  are  stated  in  the  sj-nopsis, 

M^.  A.  R.  Bufi&ngton,  U.  S.  A.,  submitted  a  magaziue-gnn  of  his  in- 
vention which  he  explained  to  the  Board, 

The  Board  then  adjourned  to  meet  at  10  a.  m.,  the  16th. 


National  Abhobt,  Mass., 

April  16,  1878. 

The  Board  met  pursuant  to  adjournment. 

Present:  All  the  members  and  the  recorder. 

Major  Buffington  informed  the  B(»rd  that  he  desired  to  slightly  mod- 
iiy  bis  gun  before  it  was  submitted  to  the  tests;  to  this  the  Board 
assented. 

The  Board  then  decided  to  observe  the  effect  produced  on  cartridges 
jolted  up  and  down  in  a  magazine-tube.  For  ttua  purpose  a  gun  was 
selected  whose  caliber  was  sufficiently  large  to  serve  as  a  magazine-tube. 
The  cartridges  were  put  in  the  barrel,  witii  a  spring  of  the  kind  ordina- 
rily used  in  magazine-guns  below  them.  The  gun  was  secured  in  a 
fiwne  having  a  vertic^  motion  in  guides.  To  the  upper  end  of  the 
frame  one  end  of  a  belt,  which  passed  over  a  pulley  above,  was  attached. 
The  other  end  of  the  belt  was  fastened  to  a  crank  on  a  lathe.  The  length 
of  the  belt  waa  such  that  the  frame,  gun,  &c,,  had  a  lall  of  &i  inches. 


..Google 
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Tbe  cartridpes  were  thuH  Jotted  np  and  dowii  for  5  mJButefl  wheu  they 
vere  taken  out  and  examinetl. 

The  bullets  of  tlie  lower  cartrid^s  were  soniewliat  squared  np,  and 
the  basen  of  the  cartridges  just  over  the  fnlminate  showed  marks  of  tbe 
lead  bearing  on  tliem.  Tlie  operation  was  re|)eated  for  15  minates, 
with  tlie  result  before  statetl,  oidy  in  a  more  marked  degree.  Tiie 
cartridges  were  then  retnmed  to  the  tube  for  1  hour  and  10  minntes. 
At  the  end  of  this  time  they  were  again  examinetl,  when  those  at  tbe 
bottom  of  the  tube  were  found  to  have  tlieir  bullets  nixiet  so  as  to  nearij- 
form  cylinders.    No  explosion  occurred  during  the  trial. 

Tliere  being  no  other  basineas  before  it,  the  Boaard  adjourned  until  10 
a.  m.,  the  17th, 


National  Aemoey,  Mass., 

April  17, 1878. 

The  Board  met  pursuant  to  adjournment. 

Present:  All  the  members  and  the  recorder. 

The  Boaird  directed  a  oontinuation  of  tbe  testa  of  cartridges  jolt«lin 
the  magazine,  nsing  tbe  various  kinds  now  in  service,  viz :  Frankfiml, 
United  States  Cartridge  Company's,  Union  Metallic  Cartridge  Cwn- 
pany's,  and  the  Winchester  Arms  Company's. 

There  being  no  further  business  before  it,  the  Board  a^onmed  to  meet 
at  10  a.  m.,  the  18th. 


National.  Aim oest,  Mass., 

AprU  18, 18I& 
The  Board  met  pumiiant  to  a^ijonmment. 
Present:  AH  the  members  and  the  recorder. 

There  being  no  bnsinesa  before  it,  the  Board  adjourned  to  meet  at  ID 
1.  m.,  the  19th. 


National  Armory,  Mass., 

April  19, 1878. 
Tlie  Board  met  pursuant  to  a4ioumment. 
Present:  All  the  members  and  the  recorder. 
There  being  no  buBiitess  before  it,  the  Board  adjourned  to  meet  st  10 
i.  m.,  the  20eli, 

National  Armoky,  Mass., 

April  20, 1878. 
The  Board  met  pursnaut  to  a4\joununent. 
Present :  All  the  luenibers  and  the  recHirder. 

There  lieiuK  no  business  before  it,  the  Board  adjourned  to  me**  at  10 
A.  m,,  the  22d. 


National  Abhoby,  Mahs., 

April  22, 187S. 
The  Board  met  pursuant  to  atljooninient'. 
Present:  All  the  meml>erH  an(i  the  recorder. 

Major  Biifiington  haWug  made  sncli  changes  in  his  gun  as  he  de-sirri 
on  its  first  presentation,  now  submitted  it  tor  the  action  of  the  Board- 
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Mr.  Borcfaardt  Biibnutt«il  tlie  Sharps  Ittfle  Company's  ^m  in  its  im- 
I>rove<l  fonii.  Tlie  Board  procwMled  to  t«st  thetw  guns,  witli  tUe  results 
stated  in  tlie  synopsis. 

Tbe  Board  t^en  adjouroed  to  meet  at  10  a.  m.,  tiie  23i\. 


National  Abhory,  Mass., 

April  -SA,  1878. 
The  Board  met  pursuant  to  iMljoitniment. 
Pi-eaent:  All  tbe  members  and  the  reconler, 

M^or  BufBugtfln  presented  his  gun,  slightly  modifletl,  and  Mr.  J.  J. 
Sweeny,  on  behalf  of  the  Winchester  Arms  Company,  submitted  a  mag- 
azine-gun known  as  the  Hotwhkiss  gun.    The  Board  proceeded  to  test 
these  ginis,  with  results  as  stated  in  the  synopsis. 
The  Board  then  adjourned  to  meet  at  10  a.  m.,  the  24th. 


Natiohal  Aemobt,  Mass., 

April  24, 1878. 
The  Board  met  imreuant  to  adjouniment, 
Present:  All  the  members  and  the  reconler. 

The  Board  continueil  the  tests  of  tlie  Uotehkiss  and  Bufflngton  guns, 
aft«r  which  it  adjourned  to  meet  at  10  a.  m.,  the  25tb. 


Watiorai.  Army,  Mass., 

April  25, 1878. 

The  Board  met  pnrBuant  to  adjournment. 

Present:  All  the  members  and  the  reconler. 

The  Board  continued  the  teat  of  the  Sharps  Bifle  Company's  gun, 
No.  8. 

Mr.  E.  Whitney  presented  fotir  maga^ine-gims,  e^led  respeetively  the 
Tiesing- Baldwin,  Tiesing-Berdan,  Tiesing,  and  the  Burgess.  The  first 
two  were  caliber  0".42  and  the  others  ealil»er  0".45. 

Mr.  Whitney  stated  that  lie  wa»  not  ready  to  submit  any  of  these  guns 
formally  to  the  Board,  but  would  like  to  have  a  preliminary'  examination 
made  of  them,  after  which  he  wonid  Are  them  in  the  presence,  of  the 
Board.    This  haxing  been  done,  Mr,  Whitney  withdrew  the  guns. 

The  Board  then  adjourned,  to  meet  at  10  a.  m.  the  26th. 


National  Abmobt,  Mass., 

April  26, 1878. 
Tlie  Board  met  pursuant  to  adjoimimeut. 
Present :  All  the  members  and  tbe  recorder. 

A  new  extractor  baring  been  prorided,  the  Board  continued  the  test 
of  the  Hotchkiss  gun. 

The  Winchester  Rei>eating  Arms  <'ouiimiiy  presenh*)!  one  of  their 
repeating  rifles^  which  was  tired  a  numlM'r  of  times  in  the  presence  of 
the  Boanl.    As  this  gun  was  not  ndai>te<l  to  the  service  cartridge,  the 
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Board  was  anable  to  continue  tlie  test.  It,  however,  adopted  the  fol- 
lowing resolution : 

"  In  view  of  the  weU-eetabliahed  reputation  of  this  ami,  the  Board 
wonld  Buggeat  that  a  guu  be  subnutted  cai»able  of  firing  the  United 
States  servit*  ammunition." 

The  Board  directed  that  a  copy  of  tins  resolution  be  furnished  the 
Company. 

The  Boanl  then  proceeded  with  tlie  testa  of  the  Buffington  magazine- 
gun,  after  which  it  a4joumed  to  meet  at  10  a.  m.  the  27th. 


Kationax  Abmoby,  Mass., 

April  27, 1878. 
The  Board  met  pursuant  to  adjournment. 
Present :  AU  the  members  and  the  recorder. 
There  being  no  business  before  it,  the  Board  adjourned  to  met  at  10 
a.  m.  the  29th. 


National  Abmory,  Mass., 

April  29, 18:a 
The  Board  met  pursuant  to  adjournment. 
Present :  All  the  members  and  the  recorder. 

The  Board  directed  the  following  telegram  to  be  sent  the  Evans  Me 
Manufacturing  Company : 

National  Abuobt, 
SprinafleU,  Mau.,  AprU^,  VSi- 
Evans  Rifle  MAKUFAcmsuia  Compant, 

MechariK*  Folia,  Me.! 
a  until  next  Jaae.     Do  yoa  wish  jonrgnn  tried  note  n 


The  Board  then  continued  the  test  of  the  Hotchkiss  gun,  No.  9 
which  it  adjourned  to  meet  at  10  a.  m.  the  30th. 


National  Abuorv,  Mass., 

April  30, 187& 
The  Board  met  pursuant  to  adjournment. 
Present :  All  the  members  and  the  recorder. 

Letter  was  received  from  Evans  Rifle  Manufacturing  Company,  stat- 
ing that  they  would  wait  until  June  before  submitting  their  gnus. 

There  being  no  business  before  it,  the  Board  adjourned  to  meet  at  ID 
a.  m.  May  1,  1878. 


National  Arhort,  Mass., 

May  1, 1878. 
The  Board  met  pursuant  to  adjournment. 
Present :  All  the  members  and  the  recorder. 

Letter  was  received  from  Evans  Bifle  Manufacturing  Company,  atat- 
ing  that  their  guns  were  arranged  for  use  of  Lowell  cartridges  and  in- 
quiring if  such  were  on  hand  at  the  armory. 
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The  following  letter  was  sent  in  reply : 

National  Armory,  Maaa., 
J/ay  1,  1878. 
Qrmtlemex;  Yonr  lutter  of  yesterday  ie  received.     In  reply  to  il,  I  have  to  Btat« 
that  the  Board  on  Ma);aziue  Ouns  baa  decided  t^  test  all  amis  Bnlimittetl  t»  it  with  the 
serrice-cartriilpe  miwle  at  the  Frankford  ATseoal.     All  the  anna  thus  fur  have  been 
tested  with  tbu  cartriilge. 

Respectfullr,  your  obedient  servant, 

J.  G.  BENTON. 
LieiUeiiant  CoJoneJ,  and  Pretideat  of  Board. 

EVASS  RIFLR   MANUPACTURINO  COMPANY, 

Mediaitic*  FalU,  Me. 

Tliere  being  no  busiuesa  before  it,  the  Board  a(^jo«med  to  meet  at  10 
a.  m.  the  2d. 


National  Akmoet,  Ma^., 

May  2,  1878. 
The  Board  met  pursuant  to  atljonmment. 
Present :  All  the  members  and  the  recorder. 

Tliere  being  no  business  before  it,  the  Board  at^oumed  to  meet  at  10 
a.  m.  the  3d. 


National  Armory,  Mass., 

May  3,  1878. 
The  Board  met  pursuant  to  adjournment. 
Present :  All  the  members  and  the  recorder. 

There  being  no  business  before  it,  the  Board  adjourned  to  meet  at  10 
a.  m.  the  4th. 


National  Armory,  Mabs., 

May  4, 1878. 
The  Board  met  pursuant  to  ac^oumment. 
Present:  Colonel  Benton,  Major  Farley,  and  the  recorder. 
Absent:  Major  Parker,  by  penuission  of  the  Board- 
There  being  no  business  before  it,  the  Boanl  adjourned  to  meet  at  10 
a.  m.  the  Ctb. 


National  Armory,  Mass., 

May  6,  1878. 
The  Boanl  met  pursuant  to  adjomTiment. 
Present:  Colonel  Benton,  Major  Farley,  and  the  reconler. 
Absent:  Major  Parker,  by  jiennission  of  the  Boanl. 
There  l>eing  no  business  before  it,  the  Board  adjounie^l  to  meet  at  10 
a.  m.  June  18,  1878,  in  accordance  with  the  authority  container!  in  the 
following  order : 

[Special  Orders  No.  97.] 
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office,  to  consider  aud  rBcommend  a  nugaziiie-gaii,  shaald  «iw  be  toaoi  nilai 
the  military  service,  is  sutluui&ed  to  adjourn  until  June  18,  prozime,  and  th«  u 
not  OD  duty  at  the  Armory  nill  tnjoin  tLeir  proper  itationg.  The  Board  will  k 
ble  at  SpHngfiuld  on  Jime  18,  1878. 


By  command  of  General  Slietmui. 

Qttoial: 

L.  H.  Pelovxh, 


National  Abhobt,  Mabb^ 

June  1^  V^*. 


Mr.  J.  J.  Sweeny  presented,  on  behalf  of  the  Wmchestw  BeptAiu 
Arms  Company,  one  of  their  repeating  rifles  and  the  HotchkiM  mici 
ziue-gun,  which  were  entered  on  the  docket  as  Nos.  13  and  12,  nff^ 
ively.  I 

Mr.  R.  S.  Chaffee  presented  a  magazine-gun,  caliber  0".44.  & 
explained  the  system  of  his  gun  to  the  Board,  ana  in  ita  preaeim  ml 
abont  50  rounds  to  show  its  working  qualities. 

After  discussion,  the  Board  notitied  Mr.  Chaffee  that  it  oooU  mi  b-^' 
this  gun  unless  adapted  to  the  service  cartridge. 

The  Board  then  proceeded  tot«8t  the  Winchester  and  HotcUd^^n^  ! 
as  stated  in  the  synopsis. 

The  Board  then  adjourned  to  meet  at  10  a.  m.,  the  19Ui. 


National  Akhobt,  lAAm~        ' 

June  19,  l^r*.    ! 

The  Board  met  pursuant  to,  adjournment.  I 

Present :  All  the  members  and  the  recorder.  I 

Mr.  Josiah  Dnpau  presented  a  Bpringfleld  rifle  altered  so  as  t<'  ^ 

used  in  conjunction  with  a  special  form  of  cartridge-bos  desifnMJ  '■■! 

secure  greater  rapidity  of  Are.    After  ehowmg  the  cap«bilities  <rf  ik- 

system  to  the  Board,  and  as  the  results  of  the  trial  did  not  mtH  k^ 

expectation,  Mr.  Dupau  withdrew  his  gun. 

Mr.  H.  A.  Lewis  presented  a  magazine-gun  called  the  Lewis-Kivr  ^tn- 

which  was  entered  on  the  docket  as  No.  14. 
Letter  from  Mr.  J.  C.  Hodges  stating  that  he  had  a  magaone-fVi. 

caliber  0".ya,   and  asking  if  the  Board  would  consider  it,  w«».  ■«*■ 

mitted  to  the  Board  by  Ck)lonel  Benton.    After  discussion,  the  B-ori 

directed  the  recorder  to  inform  Mr.  Hodges  that  it  could  not  tetA  b.> 

gun  until  ailapted  to  the  service-cartridge. 
Tlic  Board  then  proceeded  with  the  tests  of  the  Winchestw,  Htm- 

kiss,  and  Lewis-Rice  guns,  as  stated  in  the  synopsio,  after  irhkh  i' 

a<younied  to  meet  at  10  a.  ni.,  the  20th. 
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Katiokal  Abmobt,  Mahb., 

June  20, 1878. 
The  Bp(^  met  puisoaat  to  adjonrameHt. 
Present :  All  tiie  a^embera  aad  tli^  necordc^'. 

The  Board  proceeded  with  the  trial  of  the  I«wia-Bioe  and  Bortoo 
guna. 

The  latter  gun  npt  wwldng  satisfoctoriJy,  a. letter  was  directed  to  be 
sent  Hr^  Burton  explanatory  of  the  difficulty. 
The  Boasd  then  adjonmed  to  meet  at  10  a-  m.,  the  2l8t. 


Xationai.  Abmobt,  Mabs., 

JvKe  21, 1878. 

The  Board  met  pusuant  to  adj(^'''^''i^°^- 

Present :  All  the  members  and  the  recorder. 

Telegram  was  reoeived  &om  Mr.  H.  A.  Lewis,  withdrawing  the  Lewis- 
Bioe  gun. 

The  Board  considered  the  letter  oS  Mr.  G.  B.  Hunt,  referred  to  it  by 
the  Chief  of  Ordnance  for  report  Mr.  Hunt  desired  to  have  a  magazine- 
gun  on  his  system  made  at  Uie  Xati<»ial  Armory,  at  tlie  exjiense  of  the 
United  States,  for  trial  before  the  Board  on  Magazine  Anns.  After  dis- 
cussion, it  was  resolved  that  "since  the  Board  examined  the  plan  of 
Mr.  Hunt,  other  plans  have  been  submitted  which  are  thought  to  pos- 
sess greater  merit.  It  cannot,  therefore,  recommend  Mr.  Hunt's  gnn  to 
be  umde  at  government  expense,  as  it  would  only  feel  warranted  to  make 
that  recommendation  when  the  plan  presents  great  promise  of  superi- 
ority over  all  others  submitted  to  the  Boanl." 

Letters  were  sent  Mr.  B.  "Whitney,  Mr,  G.  F.  Clemmons,  Mr.  W,  H. 
Miller,  Messrs.  Smith  &  We8son,E.liemingtou&^iis,  and  to  the  Sharps 
Rifle  Company,  stating  that  tlie  Boanl  was  in  session  and  ready  to  try 
any  magazine-guns  they  might  wish  to  submit. 

There  being  no  furtlier  business  before  it,  the  Board  adjourned  te  meet 
at  10  a.  m.,  the  22d. 


National  Abmobt,  Mass., 

June  22, 1878. 

The  Board  met  pursuant  to  at^oumment. 

Present :  All  the  members  and  the  recorder. 

A  letter  was  addressed  to  General  Ame«,  notilj  ing  him  that  the  Board 
was  in  session  and  prepared  to  test  his  gun  wheu  presented.  The  Board 
considered  the  letter  of  Mr.  Joe  V.  Meigs,  referred  to  it  by  the  Chief  of 
Ordnance.  Mr.  Meigs  desired  to  have  a  Springfield  rifle  altered  on  his 
plan  to  a  magazine-gnn,  at  the  Kational  Armory,  Mass.^  at  the  expense 
of  the  United  States,  for  trial  before  the  Board  on  Magazme-arms.  After 
discussion,  it  was  resolved  that "  the  Board  is  of  the  opinion  that  it 
would  only  be  admissible  for  it  to  recommend  the  manufacture  of  an 
arm  at  the  Armory,  at  government  expense,  which  is  to  compete  with 
those  presented  by  others,  when  the  plan  presented  great  merits  and  a 
promise  of  superiority  over  all  other  gims.  Several  systems  of  maga- 
zine-arms have  been  submitted  to  the  Board  for  trial  and  appear  to  be 
much  more  simple  and  less  expensive  thau  this  proposed  alteration  of 
the  Springfield  gun.  Tlie  wooden  model  and  rude  sketches  inclosed  are 
only  sufiicient  to  give  the  Boanl  information  of  the  crude  ideas  enter- 
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tained  by  the  inventor,  and  it  is  not  able  from  these  to  say  that  it  pos- 
sesBeH  these  ^rreat  merit<4.  Of  the  two  advantages  suggested  b^  the 
Chief  of  Ordnance  in  his  indorseiDeiit,  the  Board  are  not  able  to  Signe 
with  him  in  the  flntt,  for  upon  examination  as  to  the  cost  and  labor  ne- 
cessary for  the  constmction  of  this  arm  it  is  found  that  there  are  sneh 
tuudamental  changes  that  the  alteration  of  jilant  would  be  quite  astrrtAt 
as  that  required  for  a  new  gun  of  entirely  different  system.  In  connec- 
tion with  this  attention  is  re»])ectfully  invited  to  the  inclosed  report  from 
the  master  machinist  and  draughtsman  of  the  armory.  It  may  be  ]>roper 
in  this  connection  to  state  that  the  Board  has  been  adnseil  that  several 
plans  for  a^lapting  a  magazine  to  the  Springfield  system  are  being  pre- 
pared by  inventors  at  their  own  exiiense  to  be  submitted  to  the  Board." 
Tlie  Board  tlien  proceeded  with  the  testa  of  the  Winchester  anil 
Hotchkiss  gnus,  after  which  it  a^^oumed  to  meet  at  10  a.  m.,  the  •^Hk. 


National  Armobt,  Mass., 

June  24,  1878. 

The  Board  met  pursuant  to  at^joumment. 

Present :  All  the  members  and  the  reconler. 

The  Board  examined  the  drawings  of  a  magazine-gun  submitteil  by 
Mr.  B.  Burton.  After  discussion,  the  Board  declined,  in  accordance  iritfa 
its  previous  rulings,  to  recommend  the  manufacture  of  this  gun,  ae  re- 
quested by  Mr.  Burton,  at  the  expense  of  the  United  States.  The 
ret^order  was  directed  to  notify  Mr.  Burton  of  this  decision. 

There  beuig  no  further  buBiness  before  it,  the  Board  adjourned  to  meet 
at  10  a.  m.,  the  25th. 


Nationai.  Armory,  Mass., 

June  25,  l»'i. 

The  Board  met  pursuant  to  ac^jounimeut. 

Present:  All  the  members  and  the  reconler. 

Letter  was  received  from  Mr.  B,  Burton — in  reply  to  letter  of  Board 
of  June  21,  informing  him  that  his  gun  had  failed  to  operate  satisfbr- 
torily,  and  incpiiring  if  he  desired  U^  correct  the  difficulty — in  which  he 
requested  the  Board  to  make  ce-rtain  changes,  practically  a  development 
of  his  system.  The  Board,  after  consideration,  decided  that  this  wi.« 
beyond  its  province,  and  directed  the  recorder  to  notify  Mr.  Burton  that 
his  application  could  not  be  eutertaine<l. 

Mr.  W.  H.  Miller  presented  a  Springfield  rifle  altered  to  a  magaane- 
gim.  After  examining  the  system  the  Board  i)rocee<led  to  test  it.  The 
gun  failing,  however,  to  meet  Mr.  Miller's  ex|>ectations,  he  asked  for  and 
obtained  permission  to  withdraw  it. 

Tliere  being  no  fturther  business  before  it,  the  Board  adjourned  to  meet 
at  10  a.  m.  the  26th. 


Nationai.  Aemoey,  Mass., 

June  26, 1878. 
The  Boanl  met  pursuant  to  a^jourument. 
I*resent:  All  the  members  and  the  recorder. 

Telegram  was  sent  the  E\'au8  Kifie  Manufacturing  Company  inqnir- 
ing  when  they  would  submit  their  gim. 

There  being  bo  further  business  before  it,  the  Board  adjourned  to  meet 
at  10  a.  m.  the  27th. 


bbpobt  of  thb  chief  of  okdnancb.  46.> 

Nationai,  Abuoby,  Mass., 

JwM«  27,  1878. 

The  Boanl  met  pnrsimnt  to  adjournment. 

Present:  All  the  membera  ami  the  reconler. 

Letter  WH8  received  from  Mr.  J.  C.  Hoclffes  stating  advantaged  elaimed 
for  hit  gun  (c»l.  0".3'2),  and  asking  for  reeonflideration  of  his  upplieatiou 
to  have  it  tested.  After  disunssion  the  recorder  was  directed  to  notify 
Mr.  Hodges  that  he  could  submit  his  gun  for  examination  if  he  desiretl, 
hilt  that  it  could  not  be  tecited  unless  adapted  to  the  Her\-ice-cartridge. 

Letter  was  sent  the  Evans  Rifle  Manufacturing  Company  stating,  in 
reply  to  their  telegram  of  June  '2i\,  that  the  Boanl  would  test  their  gun 
July  15,  time  designated  bytliem. 

There  being  no  business  before  it,  and  no  reason  to  anticipate  any  for 
several  days,  the  Board  adjourned  to  meet  at  the  call  of  the  Presi<teut. 


National  Armory,  Masej., 

July  a,  1878. 

The  Board  met  at  the  call  of  the  President. 

Present:  All  the  membera  aiui  the  recorder. 

Mr.  J.  Keene  iireseuted,  ou  behalf  of  E.  Itumington  &  Sons,  a  maga- 
zine-gun, which  he  explained  to  the  Board. 

Mr.  H.  A.  Lewis  submitted  the  Lewis-Bice  gun,  somewhat  mmlifled 
since  previous  trials. 

The  Board  pi-oceeded  to  test  these  guns,  after  which  it  adjourned  to 
uieet  at  10  a.  m.  the  10th. 


National  Armoey,  Mass., 

•     July  10, 1878. 
Tlie  Boanl  met  pursuant  to  a<l,ioumment. 
Present:  All  the  members  and  the  recorder. 

The  Board  continued  the  t#st  of  the  Iteimugton  magasine-gun,  after 
which  it  a«^oumed  to  meet  at  10  a.  m.  the  11th. 


National  Armory,  Mass., 

July  11,  1878. 

The  Board  met  pursuant  to  adjournment. 

Present :  All  the  members  and  the  recorder. 

The  Board  directed  that  a  letter  l>e  addressed  the  Chief  of  Ordnance, 
I'nited  States  Army,  stating  tliat  iu  its  opiuiou  it  was  advisable  to  limit 
the  time  of  receiving  guns  to  the  31st  of  August ;  also,  that  Mr.  B.  Bur- 
ton be  notified  that  liis  gun,  shipped  the  2d,  had  not  yet  been  received. 

There  being  no  other  business  before  it,  the  Board  adjourned  to  meet 
at  10  a.  m.  the  12th. 


National  Arhoby,  Mass., 

July  12, 187* 
Tlie  Board  met  pursuant  to  a^jourumeut. 
Present:  AH  the  members  and  the  reconler. 
The  Board  eKamJne<l  photographs  and  description  of  cal.  0".32  g 
contained  in  Mr.  J.  C.  HtMlges's  letter  of  July  '2. 
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The  Board  directed  the  rerorder  to  notiiy  Mr.  Hodges  that  it  hwl 
hei'etofoi'e  declined  to  test  aii.y  gun  presented  unless  a<iapt*d  m  il« 
isi>r\'i('«-eartnd)!e,  and  that  it  4M>itld  make  no  dJHcriniinatiiHi  in  his  fuTK 

Tliere  Ix'ing  no  otiier  busioes^j  bei'ore  it,  the  Board  a4iounied  t<>  nu-: 
at  10  a.  m.  the  13th. 


yATIONAL  AkmORY,  Mass., 

July  13.  b;\ 
The  Boanl  met  pnranant  to  a(\joiiniment. 
l*resent :  All  the  meinlwra  niul  the  recorder. 
The  Boaiti  i-ontiniiocl  the  h'stn  of  the  lieinin^on  mafrazinc-frin: 
the  wtnipletion  of  whieh,  thei-e  lieing  no  other  buttiiiess  In-'fore  it.  ■:  t 
journetl  to  meet  at  the  call  of  the  President. 


XATiONAt  Armory.  Mass- 
Julg  ai.  l-> 
The  foUowiiiji  cireular  was  this  day  sent  the  firms  and  imlif  '■ 
iiamed  l>elow,  in  aeeoiilaiwe  with  letter  received   fruiii  War  I'-i^' 
uivnt,   AdJHtant-denei-al's   Oftlce,   dated  Washinjiton,  .Tulv   \\  >■* 
B.  Burton,  E.  Kemiu{rton  &  Sons,  C.  B.  Hiuit,  Alfrwl  3.   Wolf.  F- 
Edneoowdi,  F.  Vetterly,  J.  H.  Kwce,  G.  F.  Clemmons,  Smith  &  W— 
"Winchester  Arms  Company,  J,  C.  Hodges,  General  A.  Ames..'*" 
Tiiilme,  Jos.   V.  Mpigs,  W,  F.  Snedden,  Shaii)s  Kitte  <'oniiian>.'  ' 
I'atctit  Fire  Anns  Mamifactnring  (_'ompany.  K\'anpi  UiHe  <.'oiit}Kuiy '.'  ' 
Lewis,  Whitney  Anns  Company,  William  H.  Miller : 

[Circiilnr,] 

Office  of'  thk  Board  on  Maqazine  Abms,  Kattoxai,  Arvoci 

fiprio^Md,  Mom,.,  Jmlf  It  I-"" 
Sib:  I  have  thi'  honor  tn  iufonn  yon  tlinf,  1i,v  ilirpctioii  of  tlie  Srcn-larrof  *- 
Boanl  on  MafEiixiiH!  Gnos  will  rt^'civt  uu  antm  for  cxauiinatiou  and  trial  »f-' '  '■ 
till-  aifit  of  AuiTHNt  next. 

VtTj-  resiiectfuUv,  jour  olierliout  (wi'vutit, 

JOHN  E.  GBEEi: 
Captaia  of  fJrrfBnii<y,  C.  S.  J.,  Amtnfn- .;'  V- 


yATiosAL  Armory,  Ma»^ 

July  M*.  h- 
Tlic  Board  met  pursuant  to  the  call  of  the  President. 
Present :  All  the  members  and  the  recorder. 

Boanl  discniwed  the  general  features  of  and  qualities  re«ini*)>  '■ ' 
maga/jne-giin,  after  which  it  adjoiu^iwl  to  meet  at  10  a.  m.  the  ■"•1^' 


^'ATroNAL  Armory.  Maj»- 

The  Board  met  pursuant  to  ndionniment, 
T'resent :  All  the  menil>ers  and  the  recorder. 
Boanl  eontinned  tlie  discussion  of  previouB  <lay,  after  whk-li  >: 
joumed  to  meet  at  10  a.  m.  the  1st  proximo. 
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National  Aemoby,  Mass., 

August  1, 1878. 
The  Board  met  jnirstiant  to  ailjoHrnmeiit. 
I'reseut;  All  the  luembei's  auci  the  rewiixler. 

ilr.  J.  J.  Sweeny,  ageut  for  the  Wincbester  Rei>eatiiig  Arma  Coui- 
paiiy,  submitted  a  Hotchkias  magazine-gun  (So.  18),  which  the  Board 
pioc«etle<i  to  test,  after  which  it  atijoiirued  to  meet  at  10  a.  m.  the  5th. 


JfATiONAL  Armory,  Mass., 

Augiat  5, 1878. 
Tlie  Board  met  pursuant  to  adjoiu^uient. 
I'reseiit:  Colonel  Benton,  ){ajor  Parker,  and  the  recorder. 
Absent:  Major  Farley,  by  pennisttion  of  the  Board. 
Mr.  J.  J.  Sweeny,  agent  for  the  Winchester  Kejieating  Anns  Company, 
submitted  a  Uotehkiss  nmga^ine-guu  (No.  19),  which  the  Boivrd  pixxreeded 
to  test,  after  which  it  at^ouraed  to  meet  at  10  a.  m.  the  (ith. 


National  Armory,  Mass., 

Avgtt»t  «,  1878. 
The  Board  met  piu^nant  to  adjonniment, 
Present :  All  the  nieniliers  and  the  reconler, 

Boaiil  continued  tlie  te-ntof  the  Hotchkiss  magazine-gun  No.  19,  after 
n-hieb  it  adjounied  to  meet  at  10  a.  m.,  the  7tb. 


National  Armory,  Mass., 

Aygwit  7,  1878. 
The  Board  met  pursuant  to  afyoumment. 
Present:  All  the  members  and  the  recorder. 

Boanl  discussed  the  merits  of  souie  of  the  giine  before  it,  after  which 
it  suljourned  to  meet  at  10  a.  m.,  the  8tb. 


National  Akmort,  Mahs., 

August  8,  1878. 

The  Board  met  pursuant  to  a<ljoumment. 

Present :  All  the  members  and  the  reconler. 

Boai-d  continued  the  test  of  the  Hotehkiss  magazine-gnn  No.  19,  on 
completion  of  which  it  procee<le(l  to  te<*t  the  Lewis-Biee  magazine-gun 
(No.  20),  which  ha<l  been  submitted  by  letter  of  the  7th. 

Letter  was  addi-e«sed  the  Wliitney  Anns  Company  in  reply  to  their 
letter-  of  the  Ctli,  stating  that  tlie  Board  would  test  their  gun  any  time 
the  coming  week. 

The  Board  then  adjourned  to  meet  at  the  call  of  the  President. 


.;.oogic 
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Natiosal  Abmoey.  Mass., 

Augtut  15. 1S7'. 
Tlie  Board  met  at  tlie  call  of  the  Presitlent-. 
Present :  All  tlie  meiiiliers  and  tbe  recorder. 

The  Whitney  Arms  Company  snhuiitted  two  inagazme-pin)*.  th*- 1«  ■ 
fress  and  the  Tiesing,  which  the  Board  ])roc«eded  to  te«t,  ou  the  owi:" 
tion  of  which,  there  lieing  no  other  bumneRS  before  it>  it  a^jtwrwi  •■ 
meet  at  l«  a.  ni.,  the  Slat. 


National  Armoet,  Mass, 
August  31. 1-:- 

Tlie  Board  met  imranant  to  ai^onniment. 

Present :  All  the  members  and  the  recorder. 

Magaziiie-gims  were  mdimitted  by  tlie  \\liitiiey  Arms  Oompaei  ;. 
HiiTKCNs),  Jlr.  G.  F.  Clemmous  (alteration of  Springfield  rifle).  Mr. Ji- 
Lee,  and  Mr.  K.  £4.  (Chaffee.  A  model  of  magazine  intended  In  W  •' 
plitnl  to  tlie  HotchkiM)  gun  was  submitted  by  Lieut.  A.  H.  Kiism-IL  I  .>  ^ 

The  Boanl  permitted  Mr.  Lw  and  Mr.  ('haffee  to  retain  their  f.'nr-** 
it  few  days  in  order  to  make  certain  additions  to  theui. 

Tlie  Board  then  i)roc<.HMled  to  t«*t  the  Bnrgess  giui,  ai^er  %h  - 
adjourned  to  meet  at  10  a.  m.,  the  2d. 


National  Ahmokv,  Mass. 

tiept^mbar 'l.\ 

The  Board  met  pursuant  to  a<ljoiimnient. 

Present :  All  the  members  and  the  recorder. 

The  Boanl,  after  discussion, 

" lifimlred,  That  in  the  supplementary  tests  the  nistinp  presiT-  ' 
the  stHHitid  tc:<t  be  omitted,  as  sutticient  information  on  that  ]■».'' '  '■*  i 
obtained  by  the  regular  nist-testn  through  whieli  the  guns  ha>'  •-"• 
faetorily  passiKl,  but  that  the  excessiA-e  charges  required  bv  thai  '■*  ' 
flred. 

"That  to  detenniiie  the  coiiijiarative  rajudity  of  lire  ami  (*l'  ;' 
manipuhttion,  as  contemplated  by  the  thiiit  su]iplenieiitar>-  ii^.  ■»'■ 
gun  be  fired  lid  mbots  by  three  enlisted  men  of  tlie  anuor>~  <letaiii  • 
h)a<)ing  troin  the  cartridge-boK  and  firing  with  aim  at  a  tartr<-t  <■  -' 
1(H)  yards  distant.  Tlie  iivenige  of  tlie  three  trials  to  be  the  twv-* 
time  of  firing  2(fiiHimln.  The  magiiKine  to  l>e  loadeil  ftom  thei*rT-i- 
1h)x  before  the  start,  the  remaimler  of  the  cartridge**  to  l»f  fim!  >«  -' 
first,  using  the  gun  as  a  single -shooter,  aud  the  mapiziiie  to  lift.!  •'^ 
last. 

"That  under  the  fourth  supplementary'  test,  in  addition  to  v.>  '■< 
already  made  of  giving  a, jolting  motion  to  a  ctdumii  of  t-artriil::''  ■ ' 
verti<-al  tube  with  the  spiral  luagHzine-simng,  a  cohiinn  of  >\  -" 
tridge«  lie  jolted  in  a  tulw  without  the  spring,  aud,  if  thert*  l>e  ih"'  ■' 
sion,  then  that  the  lowest  bullet  in  the  i-ohimn  be  replaewi  by  »  ]■>■■■< 
st«'l  ]dug,  first  using  the  sjiring  below  the  ping,  and,  in  event  trf  ti-  ■■ ' 
prtKlucing  explosion,  that  it  be  tried  without  the  spring.  AI—  ' 
there  is  no  exi>tosion  resulting  fi'om  the  jolting  tests,  that  the  tn'-* '- 1 
taining  the  column  of  cartridges  heavily  weighted  at  the  lower  •%•'  I 
iiiHure  itK  vei-tical  i>ositioii,  atitl  having  (he  spring  at  the  bottoai  »:  'i 
tube,  be  dro]ii>e«l  from  a  height  of  20 tfeet  iqwu  a  |utveiuent. iwti. ii ' ''-I 
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is  no  exploaion,  that  it  be  droi>ped  as  before  without  the  spring  in  tJie 
tube.  Afterward,  that  a  ])oiiited  steel  phiy  rejilaee  the  lowest  liiillet  in 
the  eolunin,  anil  it  be  dropjHMl  with  the  si>rin};  in  the  tube ;  then,  if  there 
is  no  explosion,  that  the  <lrop]iin(;  be  tlnalty  tried  with  the  spring  re 
moved.  These  titsttt  to  be  applied  etpially  to  the  Frankford  and  ext«>riur- 
prinie<l  <!artrid^H. 

"That  the  comparative  cxjuvenieuee  of  carrying  the  diflterent  guns  and 
exei-ntin^  the  inaiinal  of  arms  be  coiisiderwl  au<l  testetl." 

The  Board  then  proceeded  to  te»t  the  Chnnmons  alteration  of  the 
8i»ringfleld  rifle  and  the  BurgesH  gun — the  latter  ha^iug  been  repaired — 
after  whivli  it  adjourned  t«  meet  at  10  a.  m.  the  3rd. 


National  Abmoev,  Mass., 

September  a,  1878. 

The  Board  met  pursuant  to  a<yonriiment. 

I'reseiit:  All  tlie  niembei-s  and  the  recorder. 

Tlie  Board,  after  diat^usdion,  resolved  to  submit  to  the  supidemeutary 
tests  the  Sharps  Kifle  Company's  piin  No.  8,  the  'WiiicheMter,  Net.  13,  the 
Keminfiton,  No.  17,  and  tlie  IIotehkisM,  No.  IB.  The  exhibitors  wen- 
notilled  as  to  what  flay  the  trials  wonhl  be  made. 

The  Jolting  of  cartindges  in  aeeordaiice  with  tests  adopted  the  2d  was 
ooruuienecd. 

The  Board  then  adjourned  to  meet  at  10  a.  m.,  the  4th. 


National  Abmobt,  Mass., 

September  i,  1878. 

The  Boanl  met  pursuant  to  a<\joununent. 

Pwseut:  All  the  memlters  and  the  recoitler, 

Tlie  llotinl  proc'fHHled  with  tlie  firing  of  the  Sliarps,  Winchester,  Kein- 
ington,  antl  Hotchkiss  guns,  thrve  enlisted  men  of  the  armory  detach- 
ment having  l»een  selected  in  aeoonlane*  with  resolution  of  the  ^d.  A 
bre4'ch-bolt  liaving  the  handle  vertical  when  the  bolt  is  loektKl  was  ap- 
plie*l  by  Captain  Greer  to  the  llotchkiss  gun,  as  tyitieal  of  bolt-gnns, 
and  submitted  liy  him  with  the  view  of  facilitating  the  exeentiou  of  the 
manual  of  anns,  particularly  in  the  "carry,"  "present,"  "supi»ort,"  and 
'■  arms  port."  The  Boiii'd  tlien  pnK'#e»le<l  to  test  tlie  comparative  eonveu- 
ien(«  of  <'^rr>'iug  the  different  arms  and  the  execution  of  the  manual. 

Captain  (Ireer's  bolt  was  also  tried. 

The  Board  then  ailjoimie<l  to  meet  at  10  a,  ni.,  the  5th, 


National  Abmory,  Mass., 

September  5,  1878. 
The  Board  met  pursuant  to  a^lJournmeTit. 
Pwsent:  All  the  members  an(l  the  recorder. 
The  Hoanl,  after  discussion, 

Kexnlretl,  That  in  place  of  tliat  part  of  the  resolution  passed  by  the 
Boanl  on  the  2d  of  September  relating  to  the  nist-test,  tho  following  be 
substituted : 
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"That  all  arms  selected  for  suiiplementary  testa  be  rusted  simnltatic- 
oiisly,  i.  e.,  that  they  be  iiiiuiei-seci  at  the  same  time,  for  ten  minutrs  iu 
the  waiiie  sal-ammoniac  Holiition,  and  afterward  exiiosed  side  by  siiU-  tu 
its  comxliup  a(;tioii  for  foiir  days,  wlieu  tliey  will  each  lie  ttrwi  live 
i-oiiitds  with  sfrvi<v-cartridgeH :  then,  without  i-.leaaing,  fii-ed  five  rwauls 
with  120  f^-aiiiH  of  powder  and  a  ball  weighing  1,200  grains:  after  tLis, 
eaeh  gun  to  stand  tweuty-four  hoiiru  without  cleauliig,  aud  theu  to  W 
thoroughly  examined." 

The  Boanl  then  resume*!  the  tests  of  the  Bnrgeas,  'Wineheater.  nml 
Uotchkiss  guns,  after  w  hieh  it  ai\jounied  to  meet  at  10  a.  ui.,  the  titb. 


National  Armory,  Mass., 

September  6, 16:^ 
The  Boanl  met  pui'siiaiit  to  a^jounimeut. 
PreHent :  All  the  memberH  and  the  reeonler, 

There  being  no  business  before  it,  the  Board  a«ljoumed  to  meet  at  1" 
a.  m.,  the  10th,  unless  sooner  convened  by  the  President. 


National  Armory,  Mass., 

September  10,  is:s. 
The  Boanl  met  porsaant  to  ai^joumment. 
Present:  All  the  members  and  tlie  nn.'order. 

Letter  was  address4-d  the  Wliituey  Anns  Company,  in  regard  to  lli'- 
Burgess  gun,  in  rei)ly  to  their  letter  of  tlie  7tli. 

Tliere  being  no  other  business  before  it,  the  Board  a^ljoumed  to  nufl 
at  10  a.  ni.,  the  11th. 


National  Armory,  MASfi.. 
S^tember  11,  IS^s. 
Tlie  Board  met  piu-suant  to  adjournment. 
Present;  All  the  members  ami  the  rworder, 

Mr,  <;.  F.  Clennnons  8ubmitt<'d  his  magazine-giin  (altenition  of  tlii- 
ftpringlleld  rifle),  whi<'h  the  Board  piwweded  to  test,  after  whidi  it 
adjoui-netl  to  meet  at  10  a.  ni.,  the  12th. 


Natiomal  Armory,  Mass., 

September  12,  ISTS. 
The  Board  met  pursuant  to  adjournment. 
Present:  All  the  members  and  the  recorder. 

Boanl  engiigwl  in  general  discussion  as  to  merits  of  gnus  before  it. 
after  which  it  a(\joumed  to  meet  at  10  a.  m,,  the  13th. 
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National  Aemort,  Mass., 

September  13, 187S. 

The  Board  mpt  pursuant  to  a4ioiirniiiciit. 

Present:  All  the  members  and  the  ifcorder. 

The  BoanI  proccedeti  to  ascertain  the  effect  produced  on  tlie  gnu 
by  the  accidental  iusertion  of  cartridftes  reversed  in  direction  iji  the 
magazine.  It  was  found  that  witli  the  Winchester  and  Eemington  guns 
the  cartridges  could  he  removed,  though  with  cousidemble  difficulty, 
without  dismounting  any  of  the  part«, 

"With  the  Sharps  gun  it  was  ne«esj«iiy  to  remove  the  cap  to  the  maga- 
zine, tlie  spring,  aud  the  cartiidge  follower.  All  of  tliese  guns  were  for 
the  time  disabled. 

With  the  Hotchkiss  no  trouble  whatever  was  experienced,  the  cart- 
ridges feeding  out  in  the  usual  manner.  Those  cartridges  which  were 
reversed  in  direction  had  merely  to  be  pushed  aside.  It  should  he  stated 
that  it  is  impossible  to  insert  the  carti-idgcii  reversed  in  the  Hotchkiss 
by  the  hands  alone. 

The  Board  then  adjourned  to  meet  at  10  a.  m.,  the  14th. 


yATioNAL  Armory,  Mass., 

September  14,  1S78. 
The  Board  met  pursuant  to  ail.to'"Tiii*'it- 
Present:  All  the  members  and  tlie  recorder. 

The  Boani  piwccdcd  to  test  tlie  (.'hatt'tse  and  Biu-gess  guns,  the  latter 
having  been  repaired,  after  which  it  ai^oiirued  to  meet  at  10  a.  m.,  the 
16th. 


National  Armory,  Mass., 

September  10, 187S. 
Tlie  Board  met  pursuant  to  a^ioumment. 
Present:  All  the  members  and  the  recorder. 

The  Board  dii«ete*l  the  reconler  to  notify  the  Wiitney  Anns  ('oui- 
pany,  E.  Remington  &  Sons,  and  the  Sliari^  Rifle  Comimny  that  their 
guns  would  be  submitted  to  the  supplementary  tests  tlie  17th. 
The  Board  then  at^onmed  to  meet  at  10  a.  m.,  the  17th. 


National  Armory,  Mass., 

September  17,  1878. 
The  Board  met  pursuant  to  a^ljoummeut. 
Present:  All  the  members  and  the  recorder. 

The  Board  proceeded  to  apply  the  supplementary  tests  to  the  Sharjis, 
Remington,  Burgess,  Tlotobkjss,  and  Winchester  guns,  after  which  it 
adjourned  to  meet  at  10  u.  m.,  the  19th. 


National  Abmoky,  Mass., 

September  19,  1878. 
The  Boarrl  met  pursuant  to  adjonnuuent. 
Present:  All  the  members  aud  the  recorder. 

The  Board  discUHscd  the  merits  of  the  anus  before  it,  after  which  it 
at^joumed  to  meet  at  10  a.  m.,  the  ^Otb. 
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National  Armoey,  Mass., 

Stytember  20, 1873. 
Tbe  Boiml  met  imrxnant  to  a<ljoumment. 
Prew^nt:  All  the  menilwrs  and  the  i-ecorder. 
The  iioiu^i  coiitiiiiied  the  cliHuiiRsiou  of  the  pre^imiH  day. 
There  IwiuK  do  other  busineiw  hetbre  it,  the  Board  at^otinied  to  meet 
at  10  a.  111.,  the  2lHt. 


National  Abmobf,  M^ass., 

September  21, 1878. 
The  Board  met  ptirsnant  to  adjourament. 
Present :  All  the  membcre  and  the  recorder. 

The  Board  completed  the  supplementary  teats  with  the  Hotchkis. 
Whioheater,  Sharj'**,  Bnrpess,  and  liemington  gnns,  after  vhich  it «! 
joiimeil  to  meet  at  10  a.  m.,  the  23d. 


Satiokal  Aemory,  Mass., 

tiepteinher  23,  l^'A 

The  Board  met  piirNnant  to  adjournment. 

Prt'Hcnt:  All  the  members  and  the  i-ecorder. 

The  Board  de<'ided  to  submit  the  Hot^rhUiss  pnn  So.  19  to  a  ha\ 
test  for  mpidity,  iisiiiftit  as  a  mapazine-piii,  in  comparison  with  itself  i* 
a  sinKle-loader  and  with  the  serviee  Sprinj^eld  rifle ;  6  rartridges  tol<r 
fii-ed;  the  ma^^axine  and  dminber  to  be  loaded  in  toe  first  case,  andltj 
the  hitter  two,  1  cartridfte  to  be  inserted  in  the  chamber,  the  othere  to 
be  taten  fiom  the  cartridge-box;  the  recorded  time  to  be  the  mean  itf" 
three  triahs. 

After  discussion,  the  final  report  of  the  Board  was  adopted. 

M^jnr  Parker  then  offered  the  following  resolution : 

HemlFcd,  That  as  the  n])rinht  iKwition  of  the  bolt-handle  assimilates 
that  class  of  ^uis  to  the  hwnmer-giin,  to  which  our  Aruiy  is  accus- 
tomed, improves  their  appeui'auoe,  and  obviates  any  necessity  for  a  djaagp 
ill  the  manual  of  arms,  the  Boaii!  re(;oDinieiid  that  a  few  lockiiig-tube^ 
Imnng  this  pocition  of  the  handle,  be  iiwued  with  these  amis,  toeDnbh- 
tlifkse  using  theiu  in  seiTiiw  to  defcriiiine  whether  or  not  itisinotLcr 
resiK-<^tts  and  n]>on  the  whole  as  deuinihte  a»  tlie  horizontal  handle. 

To  this  resolution  Major  Farley  \-otod  no;  !Miyor  Parker  voted  jf: 
Colonel  Benton  vot(?d  no. 

Maj<u'  Farley  submitte4l  the  ftdlowing  explanation  in  regard  to  his 
vote : 

"  He  can  find  nothing  in  the  record  to  show  why  he  should  assent !« 
a  ehan^  which,  in  his  ojnnion,  militates  against  the  efRcieuey  of  th'' 
maga;!;ine-nmi  se]«rte<i  by  the  Board.  A  plan  lias  been  wiggeeted  to 
Hini]ily  turn  np  the  liolt  to  a  vcrtii^al  position,  and  lock  the  same  fiffwn 
venience  in  carrj-ing  the  giui  at  the  supiMMi  arms,  which  d4ies  not  onr 
with  it  a  loss  of  time  or  complex  motion  incident  to  the  Ixdt  being  ma 
nipnlatcfl  on  the  left  sv\e  of  the  piece.  Future  experience  and  e-vj*"- 
nient  will  detennine  the  comiironiise  necessary  for  a  new  arm  and  au  (J'l 
manual," 

The  Board  then  proceeded  to  make  the  final  test  with  the  Hotchkis." 
gun,  No.  19,  after  which  it  adjoume<l  sine  die. 
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Description  of  guns  and  results  of  tests  applied  by  the  board. 

brekcii-loadinp.  small-arms  having  a  fixed  chamber  closed  by 
a  movable  breech-block  wfkch  slides  in  the  line  of  the  bak- 
bel  by  direct  action,  i.  f.,  bolt-ol'ns  which  have— 

1.— concealed  locks. 

hotchkiss. 
Kemington. 
Sharps. 
Franklin. 

BUKTON. 

Wabd-Buetox 


Hetchklsji  Kfairuzlne-ann,  H*.  9> 

ThiH  unn  bclou{;s  to  that  system  id  wliicli  a  flxetl  chamber  is  cloBed 
l\v  a  bolt,  by  direct  action,  and  in  whi(;li  tlie  lock  is  concealed. 

The  receiver  shown  in  Figs.  1,  2,  and  3,  Plate  I,  is  cut  through  at  the 
rear  for  the  reception  of  the  boltj  it  is  also  ent  away  at  the  side  to 
receive  the  handle  when  the  liolt  is  Io<!ked.  The  breech-bolt  is  com- 
posed of  three  pai-ts,  ^Hz :  tlie  iKKly  or  locking-tiibe,  Fig,  4,  of  which  the 
handle  forms  a  part ;  the  bolt-head,  Fig.  5 ;  and  the  rear  portion,  or 
cocking-piece,  Fig.  6,  to  whit-h  the  flring-pin  is  secured  by  a  screw- 
thread.  The  body  of  the  bolt  is  hollowed  out  for  tlie  lirinfj-pin  and 
spring ;  the  latter  bears  on  a  shoulder  near  the  i-ear  end  of  the  body. 
The  bolt-head,  which  supjiortsthe  cartridge  at  the.  instantof  tire,  carries 
the  extractor.  Fig.  7,  which  is  attaclied  to  its  side  by  means  of  a  dove- 
tad  tenon.  On  the  bolt-heiul  is  a  ]ir(>iection,  U,  which,  turning  in  a 
groove,  C,  in  the  body  of  the  bolt,  ser\-CH  to  hold  the  two  parts  together. 
Tlie  cocking-piece  is  held  in  contact  with  tlic  body  of  the  bolt  by  the 
tension  of  the  firing-pin  H])ring.  The  firiiig-i>in.  Fig.  8,  is  flattened  near 
its  front  end.  The  bolt-head  is  prevented  from  tnriung  about  the  jiin, 
when  the  bolt  is  withdrawn,  by  the  tenon  on  the  exti'act<ff  wliiirli  extends 
into  the  firing-pin  hole  nearly  to  the  flattene^l  surface  of  the  pin,  A  pro- 
jection, D,  on  the  bolt-head  entei-s  a  eom'sponding  recess  in  the  receiver 
when  the  iH)lt  is  lo<^'ked;  consequently,  the  bolt-head  cannot  tnmwhen 
the  body  of  the  bolt  is  rotated  about  its  axis,  as  in  the  act  of  locking 
the  piece.  Tlie  c<H-king-picce  is  sliowii  in  Fig.  G.  A  prqj»'ctioii,  E,  flts 
in  a  recess,  P,  on  the  rear  of  the  l)ody  of  the  bolt.  The  torm  of  this  i>ro- 
jection,  and  of  its  coiTesjwndiiig  n-eess,  is  such  that  when  the  holt  is 
nnhK-ked  the  cot^king-piece  is  camniwl  bark  beyond  the  nose  of  the  sear, 
or  njiper  extremity  of  tlie  trigger,  withdrawing  the  jioint  of  the  flring- 
pin  within  the  face  of  the  Imlthead.  "When  the  bolt  is  locked,  which  is 
done  by  turning  down  its  handle  in  the  cut  in  the  receiver,  the  firing-pin 
spring  ia  eomi)re8sed.  By  inetwiug  on  the  trigger,  the  sear  is  dnnvu 
from  tlie  cocking-piece,  and  the  firing-jiin,  driven  forward  by  its  spring, 
explodes  the  cartridge, 

Tlie  form  of  the  side  cut  in  the  receiver  at  its  rear,  G,  Fig.  2,  is  sucJi 
tliat  the  breech-liolt  is  catntned  forward  as  it  is  turned  to  the  lockhig 
positiou,  foi-eing  the  cartridge  into  the  chainl>er.  As  the  firing-pin  can- 
not reach  the  cartridge  nutil  the  bolt  is  locked,  accidental  explosions 
are  avoided. 

The  shape  of  the  cut  at  fi-ont,  H,  Fig.  2,  is  such  as  to  cam  back  thQ 
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bolt  diiriu;;  tlie  unluc-kiupf,  starting  the  empty  shell.  The  sbeUs  Mr 
tlirowii  out  that  sidt^  of  tlie  i-e^TOiver  which  is  cut  away.  The  e\tKHi"i 
beiiiK  oil  the  same  side,  the  shells  are  unsiipporteil  a^aiii^t  its  siilr  \«::. 
the  iiiHtiiiit  they  leave  tlie  fhami>er.  ITielr  fixiitt  ends  beiiit:  "i. 
seiineutly  delleeted  fi-om  the  axis  of  the  i-eceiver,  the  shells  fall  m  il' 
gruiiiul. 

Tlie  iiiagUKine  is  in  the  butt-stock.  A  hole  is  diilted  in  the  m-fiK 
at  its  rear  end,  I>elow  the  breech-liolt,  oblicjue  to  the  axis  of  tW  !■■>- 
Fig.  1.  ThixHigh  this  hole  the  cartridges  are  fed  from  tlie  mnj.'a.'J'- 
iuto  the  i-et-eiver,  when  the  bolt  fortes  them  into  the  chaniher.  Tj 
trigger,  shown  in  Figs,  i)  and  10,  lieiids  anniiid  the  magaziiietidti-.  T. 
cartridge-stops,  I  and  J,  Fig.  1,  arecouueeteil  wthit.oneaiKiveandi'i- 
below  the  cartridges.  "VVlien  the  magazine  is  Olletl,  whieh  is  (Ioik  ■ 
pressing  the  cartiidges  into  it  from  the  receiver,  the  front  ianr>', 
bears  against  the  lower  stop,  as  seen  in  Fig.  1.  By  pressinp  i<u  ■:■ 
trigger  the  lower  st<ip  is  dejiressed  below  the  level  of  the  magazinr.  l^ 
the  tirst  cartri^lge,  nnder  the  jiressure  of  the  magazine -spring,  lilii"  ■ 
and  bears  against  the  under  side  of  the  bolt.  As  the  lower  fS",  • 
dei)ressed,  the  upper  (me  descends,  ehe<'king  a  second  rartridp'  C" 
passing  thnuigh.  ,^^^len  the  Iwlt  is  withdrawn,  the  first  (artri-iir- 
driveu  np  by  tlie  spring  iuto  the  rei^iver,  wliile  the  set-oiid  om.  *-■ 
has  now  passetl  the  upjier  stop,  is  in  turn  che<iked  by  the  lower  ihw-  ■' 
will  be  seen,  thei-efore,  that  the  pressuig  of  the  trigger  t4t  tire  txt  ' 
tridge,  ]iermits  the  next  one  to  partly  enter  the  receiver,  the  oi"-:-'- 
being  (^oinpleted  when  the  bolt  is  withdrawn  with  the  ein]rty  •' 
The  slide  K  locks  the  trigger  when  tlie  jiiece  is  earned  at  full-"'  i 
also  hn-kn  tlie  lu-eee.h-bolt  by  forcing  the  nose  of  the  sear  in  a  gnw" 
the  bottom  of  the  bolt. 

A  magay.iiie  cut -oil' enables  the  piece  to  l>c  used  as  a  single-lua>U 

As  a  magiizuie-giui,  3  motions  are  necessjiry  to  o[)erate,  viz:  «]'-" 
close<l,  fired. 

As  a  single -loader,  i  motions  are  neuessar)',  \'iz:  o|>eneil.  l-ui" 
elosed,  fired. 

Five  cartrtilges  are  carrie<l  in  the  magazine  and  1  in  the  chaiuW: 

SYNOPSIS  OF   TESTS. 

Aphil  as,  l?7i-. 
Tlie  safety-test  was  complied  with  b>-  Mr.  J,  J.  Sweeny,  repnw-'^  ■ 
the  gun.    Time,  27  seconds. 

I. — Rnpidiiy  with  accuracy. 

As  a  magazine-gnn,  22  shots  were  fired ^  IB  struck  tlie  targt-t.  ">  - 
tridgp«  remained  in  tlie  magazine.  .'}  eailndges  were  thrown  out  mit- 
caiiseil  by  two  cartridges  escaping  from  the  magazine  at  ouce .  '•'- 
which  eutei-ed  the  cliainlier,  wliile  the  other  fell  to  the  gruttnd  tlif*- 
the  space  cut  away  on  the  right  side  of  the  receiver;  this  owiinvJ^J" 
times. 

As  a  single-loader,  39  shots  were  fired ;  ^.'i  stnw'k  the  tai^p-t-  ^  ' 
lack  of  accuracy'  was  caused  by  the  fatigue  of  the  marksman.  ^^^•  '•  ■' 
contiuuousl}'  testing  this  and  other  guns. 

\l,— Rapidity  at  mil. 

As  a  magazine-gun,  17  shots  were  fired;  2  cartridges  remainwl  i'-  ■■' 
magazine. 
As  a  single-loader,  27  shots  were  fired. 
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III . — Endu  ra  nee. 

Tlie  (nin  worked  well  tliroiifrlioiit  tUe  te«t,  tlioiiRh  a  little  more  force 
waa  rciiuired  to  oi>erate  the  breech-bolt  during  the  last  1(K)  nxiiid.'^. 

April  24,  \?n<i. 

IV, — Defectire  cartridges. 

Fimt  fire. — Deciilwl  eseaiw  of  «»»■  tin  wltlidrawinR  the  Ureecli-bolt 
the  extraotor  was  foniid  broken.  The  test  was  then  diseontinned  until 
a.  new  extractor  could  be.  provided. 

April  26,  ISTei. 

IV. — Defectire  cartridges. 

Firnt  fire. — Deeideil  escape  of  gas. 

Semnd  fire. — Same ;  shell  failed  to  extract  on  witlidiawol  of  bolt. 
Extracte<l  on  secoml  trial. 

Third  fire. — Verj'  sliglit  escape  of  gas.  Gun  worited  finely  through- 
out test. 

Y.~Dust. 

Gun  worked  well  throughout  teat. 

Apjiil  29,  1878. 


Gun  badly  niHt4'd ;  worked  well  throughout  test. 
VII. — Excesmre  charges. 

After  first  fii-e  gun  was  exaniiue<l,  and  fn>nt  end  of  rib  on  IxmIj'  of 
hreecli-lyolt  was  i'oinid  broken  off.  This  was  due  to  the  l»anvl  l>eing  cut 
away  too  much  ulmut  extract4)r-seat,  leaWng  cartridge-shell  uuKupiiortMl 
at  thiit  point.  An  examination  of  sliells  of  t^rtridges  iiiwiously  fired 
hIiow<m1  that  this  dctW^t  hoA  existed  tnnn  the  Ite.giiniing  of  the  tests,  but 
with  the  Ker\ice-cliarge  no  tniuble  was  exi«'rienced. 

The  gun  was  then  withdrawn  by  exhibitor  for  correction. 


Holchklss  illaitazlnvClHn,  No.  13. 

Tlris  gun  dift'ers  fn>m  Ifo.  0  in  the  following  iiarticulars : 
The  magazine  eut-ofl'  and  iijipcr  cartridge -stop  are  onutte<l,  A  small 
lever,  A,  Fig.  6,  Plate  II,  Ijnug  in  a  slot  on  the  left  side  of  the  receiver 
and  pivoteil  near  its  middle  point,  has  at  its  upi»er  extremity  a  short 
arm  extending  thn>ugh  the  side  of  the  receiver  so  as  to  couie  in  ctuitact 
with  the  surface  of  the  breech-liolt.  At  its  lower  extremity  is  a  sort  of 
hook,  which  enters  a  correJ*iK)nding  recess  in  the  side  of  the  tripper.  On 
tlie  left  side  of  the  lM)lt  is  a  gniove,  the  Ixrttom  of  which  is  i-onuected 
with  the  siufa«-e  of  the  Iwit  by  inclined  planes.  When  this  groove  is 
opiiosite  the  upiwr  arm  of  the  lever  mentioned — which  is  the  <'iise  when 
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tlip  holt  is  locked — the  trigger  is  frw  to  move.  l-Mien  the  bolt  is  w\H< 
(Irauii,  the  umi  riilitig  out  ui  the  groove  is  piuhed  back,  and  thi-  I>'M"1 
arm  liiH)k»<  into  the  side  of  the  trigger  aud  hH-k»  it.  Tlie  at-t-iilrii!,' 
p\illiiig  of  the  trigger  fi-oiii  the  gi-oove  in  tlie  bottom  of  the  brwlil«'li 
in  thus  reodered  itiijHtsMihle,  eliminatiitg  the  liability  of  the  bolt  l<>  {mi'' 
entii-ely  out  when  it  is  withilrawn. 

Hiine  the  trigger  can  only  Iw  jinllwl  when  the  bi>It  is  clowd.  tV fir-; 
cartridge  jKisses  the  cartri(ige-8t<iji  and  is  checked  by  the  under  >nni.. 
of  the  l>olt  itself.  AVhen  the  bolt  i**  drawn  back,  this  cartridKi-.  a:y\- 
the  iui]mls<^'  of  the  magazine-siiring,  is  sliot  into  the  cbauilN-r,  >i. - 
another'  one  moves  np  against  the  cartridge-stop. 

When  the  trigs*^r  is  iniUeil  to  tii-e  the  first  cartridge,  the  setiiuil  ■  ■ 
piissi'.t  tlie  Ktop,  an<l  is  in  turn  elwH-ke*!  by  the  under  surface  of  lUf'- ' 
Wlu'o  the  Iwlt  i«  witlidniwii  with  the  enipt>'  shell,  the  »e<-oiid  t-arrr'. 
is  shot  into  the  ehantlwr,  and  so  on.  In  otber  respects  this  gun  i- "' 
same  us  Xo. !). 

SYNOPSIS   OF   TESTS. 

JrxE  le,  iR7a 

The  safety  test  was  complie<l  with  by  Mr.  Sweeny.  repre.seutiDi'  "^■ 
gun.    Time,  17  seconds. 

I, — Rapitlity  trith  accuracy.  | 

As  a  magazine-gnii,  ^5  shotswerefii-wl.  of  which  22  stnick  thetr.'   | 
Tliree  partridges  were  tiintwn  out  utitln^l,  their  bullets  striking  •*■-■  ■- 
the  front  of  the  rei-eiver,  Ktop])ing  for  the  moment  the  actiou  "i '     \ 
brewrh-lmlt. 

As  a  single-loader,  45  shots  wore  flrwl,  of  which  22  stmck  their.-i 
One  cEVrtridge  missed  tire ;  cxplo<ied  on  first  blow  iu  Wincht^-:  :■ 
peatcr. 

U.—Rapiditg  at  iciU. 

As  a  magazine-gun,  14  shots  were  fired.    Four  cartridges  rHu>"-  , 
iu  the  magazine.  i 

As  a  single- loader,  2L  shots  were  fire*!. 

III. — Endurance. 

Gun  worked  satisfactorily  thronglunit  test. 

IV. — Defective  cartridges. 

Moderate  escape  of  gas  at  Ist  and  2d  rounds ;  none  at  3d. 

V.—Diut. 

Gun  worked  satisfactorily  throughout  test. 

Yl.—Riist. 

Gun  ba<lly  nisted.    Bolt  was  started  by  tap]>ing  ou  it  with  Iu''-' 
of  sci-ew-driver.     Itolt  puUed  entirely  oat>  due  to  soar   not  l"'ii-- 
place. 

Gim  otherwise  worked  well  throughout  test. 
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VII. — Excessive  charges. 
(iuii  worked  well  throughout  test. 

Tliis  ptiu  was  not  snbjeeted  to  the  Huiipleineatary  tests,  giiii  So.  19 
being  coiisidcreil  as  representative  of  the  system. 

Hvtchklss  nasBzlae-Clun.  No.  18. 

Tliis  {oiii  (liflfers  from  Xo.  12  only  in  the  adilition  of  a  magazine  cut- 
off, which  is  also  the  (leri<«!  for  hnikiug  the  hrcei-h-lxilt  when  the  jnece 
is  eanieil  at  full  co<-k,  ami  in  the  additional  metal  11,  Fig,  2,  Plate  II, 
h;tY  iit  tlic  Hidc-«ut  of  the  i-ei'c^ivei',  with  the  ^iew  of  j)i'«venting  the  aeei- 
deittal  falling  out  of  <'urtri<lg(!s.  liy  the  hitter  change  tlie  cartridge  is 
causeil  to  partly  enter  the  fhaml>er  liefore  its  head  passes  in  the  wider 
H]>a€e  at  B. 

Tlie  magazine  cut-off,  Fig.  3,  Plate  TT,  is  attached  to  the  right  side  of 
the  piece,  its  shaft,  U,  pa.sses  partly  thnnigh  the  stock,  just  helow  the 
sear  and  in  front  of  the  ]uagazine-tnl)e.  When  the  lever  by  which  it  is 
oi>erated  is  vertical,  the  notclie<l  end  upwanl,  the  cnr\~etlside  D  of  the 
slialt  coincides  with  the  up]>er  surface  of  the  magazine -tiihe,  and  car- 
tridges can  rewlily  i>ass  by  it.  The  side  10  being  so  cut  away  as  to 
admit  niotiou  of  the  trigger,  the  piece  nmy  be  used  as  a  magazine-gun. 
When  the  notclied  end  of  the  lever  iHiints  to  the  rear,  the  side  F  projects 
across  the  month  of  the  tul>e  sufflciently  far  to  prevent  the  escaiic  of 
cartridges.  The  piece  may  then  tie  nse«l  as  a  single-lotuler.  When  tlie 
notched  end  ])oint^  to  the  front,  the  side  F  comes  in  contact  with  the 
under  side  of  the  sear  and  locks  the  trigger,  t)ie  sear  being  held  in  the 
gnsive  in  the  bottom  of  tiie  bolt ;  the  latter  is  also  loeketl.  The  cut-off 
is  held  in  any  of  its  |>ositi<>iis  by  a  small  pin^G,  which  is  forc«d  by  a 
spiral  spring  into  corresiKJUding  liohM  in  the  bed,  in  which  it  turns. 

SYNOPSIS   OF   TESTS. 

ArOfsT  1,  1878. 

The  safety  test  was  oomphed  witli  by  >fr.  E.  T.  Hare.  Time,  19 
seconds. 

I. — Eapidifg  iriih  accuracy. 

Two  atteini)ts  were  ma<le  to  com]>lete  this  test,  using  the  magazine. 
In  both  cases  the  breech-lwlt  was  puUed  entirely  out  in  the  act  of  eject- 
ing the  sliells.  Tliis  was  believe<l  to  be  due  to  too  much  play  of  the 
bolt  in  the  receiver,  and  to  the  fact  that  the  sear  did  not  come  fully  up 
into  the  groove  in  the  bott4)m  of  the  bolt. 

Gun  withdrawn  by  exhibitor. 


H«lchlilM  ina«nziHe>Onn,  No.  19. 

PLATE   n. 

(Does  not  differ  tVom  Xo.  IS,  with  exception  of  trigger-spring.) 
SYNOPSIS  OP  TESTS. 
Ai-oi-sT  r.,  ii^rs. 
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I. — Rapidity  with  accuracy. 

Ah  a  luagaziiie-gini  29  nhnta  were  fired,  of  wliicli  20  struck  the  target. 
5  cartridges  reuiained  in  the  magazine. 

As  a  single-loader  44  shots  were  fire<l,  26  of  which  straek  the  target. 

n. — Rapidity  at  iciU, 

As  a  magazine-gun  22  shots  were  fired.     1  cartridge  remained  m  the 
magazine. 
Aa  a  single-loader  28  shots  were  fireil. 

III. — Endurance. 

Gun  worked  satisfactorily  throughout  the  test. 

IV. — Defective  cartridges. 

At  first  and  secoDd  rounds  moderate  escape  of  gas ;  at  third  rouitd 
none. 

v.— I>i«rf. 

Gun  worked  freely  throughout  tej^t. 

The  firing-pin  spring  was  incidentally  testwl  by  allowing  the  pie«  to 
stand  fUU-uovked  for  18  hours.    There  was  no  setting  of  the  spring. 


T\ie  magazine  cut-oft"  was  nisted  solidly  in  its  seat;  had  to  be  start«l 
with  jtliers.    Otherwise  mechanism  operated  freely. 
(iit)i  worketl  well  throughout  tiring. 

VII. — Exce*>i>re  charges. 

Gini  worked  well  throughout. 

At  last  i^uud  liead  of  shell  burst  just  under  extractor.  Shell  extracted 
readily. 

SUPPLEMENTARY  TESTS. 
Skptrmber  4,  l>^8. 

Hean  time  of  firing  20  rounds  by  3  enlisted  men  of  the  armory  detarh- 
mentf  loading  from  the  cartridge-box,  with  exception  of  one  inagazine 
full  previously  loade<i,  1  minute,  37  seconds. 

Of  the  00  cartridges  fired  4;i  hit  the  taiget— «*  by  24'— 100  yards  dis- 
tance ;  17  of  these  hit  the  figure  of  a  man  at  the  center  of  the  target. 

The  others  were  grouped  well  aroimd  it. 

SKPI'KMBEH  5,  li^w. 

I.—Dmt. 

Blight  eHcai>e  of  gas  at  firing  of  defective  cartridges. 
Gun  worked  well  throughout  test. 
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opened  with  comjiaratively  little  difaculty.  Bolt  pulled  out  owing  to 
trigger  not  beiug  in  its  seat.  After  little  working  gun  operated  welL 
At  each  round  with  heavy  chargea,  head  of  shell  cut  through  at  ex- 
tractor. After  last  round  bolt  opened  with  some  difiacalty.  No  oil  was 
allied  during  the  test. 

FntiX  TEST. 
Septeubbr  23, 1878. 

Six  shots  were  fired  (5  being  in  the  magazine  and  1  in  the  chamber), 
the  gun  being  brought  each  time  to  the  shoulder. 

Mean  time  of  three  trials.  8  seconds. 

Six  shots  were  fired  (1  being  in  the  chamber  and  the  others  being 
taken  from  a  cartridge-box),  the  gnu  being  brought  to  the  shoulder. 

Mean  time  of  three  trials,  16  seconds. 

Six  shots  were  fired  from  a  scnice  Springfield  rifle  (1  being  in  the 
chamber  and  the  others  being  taken  fix>m  a  cartridge-box),  the  piece 
being  brought  to  the  slioulder. 

Mean  time  of  three  trials,  18  seconds. 

Six  shots  were  then  fired  at  will  from  the  Hotchkiss  gnn  (the  maga- 
zine and  chamber  being  loaded)  in  six  seconds. 


Bemingrton  na^Bzlne-Oiin,  Ho.  IT* 

This  gun  belongs  to  that  system  in  which  a  fixed  chamber  is  closed 
by  a  bolt,  by  direct  action,  and  in  which  the  lock  is  concealed. 

The  receiver,  shown  in  Fig.  1,  Plate  III,  is  cut  through  at  the  rear  for 
the  breech-bolt,  and  at  the  side  for  the  handle  when  the  bolt  is  locked. 

The  breech-bolt  is  composed  of  three  parts,  viz :  The  body  or  locking- 
tube,  A,  Fig.  2;  the  cocking-piece,  B,  Fig.  3;  and  that  (C,  Fig.  4)  which 
serves  to  connect  the  other  two. 

The  extractor,  Fig.  I,  lies  in  a  groove  just  in  front  of  the  rib  of  the 
locking-tnbe.  Its  tenon,  D,  enters  a  recess  in  the  side  of  the  tube.  The 
rib  is  bored  out  for  a  spiral  spring  and  spindle,  £  and  F^  Fig.  1,  the  lat- 
ter of  which  bears  against  the  rear  of  the  extractor,  which  is  turned  np 
nearly  at  right  angles  to  its  length,  holding  the  front  down  on  the  car- 
tridge-head. When  the  bolt  is  unlocked  the  extractor  rides  around  the 
lioad  of  the  cartridge.  The  ejector,  Fig.  6,  which  is  attached  to  the 
front  face  of  the  locking-tube,  is  [licreed  for  the  point  of  the  firing-pin. 
Its  upper  extremity  is  pivoted  to  the  bolt,  while  its  lower  is  free  to  move 
to  the  ftx)nt  when  struck  by  the  carrier-lever  G-,  Fig.  1,  when  the  bolt 
is  withdrawn.  In  that  ca^e  the  extractor  pulls  on  the  upper  side  of  the 
cartridge,  while  the  under  side  is  struck  by  the  Rector.  The  eftect  is 
to  tlirow  the  shell  clear  of  the  gun. 

The  cocking-piece  is  terminated  at  front  by  the  firing-pin,  Fig.  6, 
secured  to  it  by  a  small  pin  at  right  angles  to  its  axis.  It  is  hollowed 
out  for  the  firing-pin  spring,  which  bears  on  the  rear  of  the  flring-pin  at 
front,  and  at  rear  on  a  screw  at  right  angles  to  the  axis  of  the  spring, 
tliroiigh  the  part  C  of  the  bolt.  The  cocking-piece  is  provided  wifii 
half  and  full-cock  notches.  A  projection,  U,  on  the  cocking-piece  enters 
a  recess,  I,  on  the  rear  of  the  locking-tube.    The  form  of  this  projection 
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and  its  coirespondiDg  recesa  is  such  as  to  cam  back  the  cocking-piece 
when  the  bolt  is  unlocked,  far  enough  to  permit  the  half-cock  notch  to 
pass  beyond  the  sear,  at  the  same  time  withdrawing  the  point  of  the 
flring-pin  within  the  fece  of  the  bolt.  The  piece  may  be  fidl-cocked  by 
pulling  the  cocking-piece  to  the  rear  by  the  button  with  which  it  is  ter- 
minated, or  by  drawing  back  the  bolt  and  then  returning  it  to  its  lock- 
ing position.  The  bolt  is  prevented  from  behig  unlot^ked  at  either  half 
or  full  cock  by  the  point  of  the  spindle  in  the  axis  of  the  handle  enteriuK 
the  recess  J  in  the  cocking-piece.  The  spindle  is  held  down  by  a  Bpbal 
spring  which  gets  its  bearing  on  the  screw  K, 

The  magazine  is  in  the  tip-stock.  The  carrier  is  pivoted  on  a  strong 
screw  through  the  side  of  the  receiver.  Its  lever  works  in  a  groove  in 
the  bottom  of  the  locking-tut>e.  When  the  bolt  is  withdrawn  the  frout 
end  of  the  groove  strikes  on  the  lever  and  tips  the  carrier  up  in  a  posi- 
tion oblique  to  the  axis  of  the  bore,  bringing  the  point  of  the  cartridge 
opposite  the  center  of  the  chamber.  The  carrier  is  held  in  this  poeitiun 
by  the  catch  L,  which  springs  over  a  pin  on  tlie  inner  sur&ce  of  the 
receiver.  When  the  l>olt  is  closed  its  front  presses  against  the  catcb 
and  releases  it,  while  the  rear  end  of  the  groove  in  the  bottom  of  tlie 
lockiug-tobe  strikes  the  carrier-lever  and  causes  tlie  carrier  to  descrad 
ojiposite  the  mouth  of  the  magazine.  A  magazine  cartridge-stop,  Tig. 
7, 18  located  on  the  left  side  of  the  receiver.  One  extremity  partly  iwvtR 
the  mouth  of  the  magazine^  while  the  other  projects  through  the  side  of 
the  receiver  so  as  to  come  in  contact  with  the  bolt.    A  flat  spring,  Fig. 

8.  holds  it  in  place.  When  the  bolt  is  locked  the  end  of  the  stop  «ithiD 
the  receiver  enters  the  groove  in  the  bottom  of  the  bolt,  as  seen  id  Fip. 

9.  When  the  bolt  is  unlocked  the  side  of  the  groove  presses  do«n  on 
this  end,  and  the  stop  moves  downward,  as  in  Fig.  10,  permitring  a  car- 
tridge to  come  out  of  the  magazine  on  the  canier.  The  stop  is  so  con 
structed  that  a  projection  on  its  upper  side  descends  just  in  front  of  the 
rim  of  the  cartridge  as  the  lower  part  falls  in  rear  of  it,  so  that  the  escape 
of  a  second  cartridge  is  prevented.  Wlien  the  bolt  has  been  withdrawn 
the  spring  returns  the  stop  to  its  first  position.  A  magazine  cut-off  iA 
provided  which  works  in  connection  with  the  cartridge-stop.  A  pr* 
jecting  arm  of  the  cut-off  may  be  made  to  enter  a  recess,  M,  in  tbe 
upper  extremity  of  the  stop  and  hold  the  latter  clear  from  the  operation 
of  the  bolt. 

The  magazine  is  loaded  from  below,  and  in  any  position  of  the  bolt 

As  a  magazine-gun,  3  motions  are  necessarj'  to  operate  it,  viz :  opened, 
closed,  flrwi. 

As  a  single-loader,  4  motions  are  necessary,  viz:  opened,  loaded, 
closed,  fired. 

This  gun  carries  8  cartridges  in  the  magazine  and  1  in  the  chamber. 

BTM0P8I8  OP  TESTS. 


The  safety-test  was  complied  with  by  Mr.  J.  Keene,  representiDg  tbt> 
arm.    Time,  13  seconds. 

I. — Rapidity  with  a43curaci/. 

As  a  magazine-gnu  34  shots  were  fired,  of  which  20  struck  the  target ; 
2  cutridgea  remained  in  the  magazine  j  2  cartridges  missed  fire;  1 
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exploded  on  second  blow;  tbe  other  foiled  on  second  and  thinl  trials; 
eiqiloded  on  first  blow  in  Springfield  rifle. 

As  a  single-loader  44  shots  were  fired,  of  which  17  struck  the  target; 
1  cartridge  missed  fire ;  exploded  on  second  blow. 

II. — Bapidity  at  vnU. 

As  a  tnagazine-gnn  10  shots  were  fired.  Eight  cartridges  remained 
in  the  magazine. 

As  a  single-loader  24  shots  were  fired.  One  cartridge  remained  in 
the  chamber.  The  exhibitor  stated  that  the  missfires  were  dne  to  the 
blunt  point  of  the  firing-pin.  Fermisaion  was  granted  him  by  the 
Board  to  sharpen  it. 

lJI.~~Endurance. 

One  cartridge  missed  fire  on  4  blows ;  exploded  on  first  blow  in  Spring- 
field rifle ;  1  cw:tridge  missed  fire,  but  exploded  on  second  trial. 
Otherwise  gun  worked  smoothly  throughout. 

IV. — Defective  cartridges. 

Free  escape  of  gaa  through  the  gas-vent  at  each  round.  At  last 
round  the  head,  of  the  shell  was  burst  underneath  the  gas-escape. 

v.— I>im(. 

After  the  first  dusting  it  was  found  that  cartridges  would  not  feed 
from  the  magazine.  This  was  due  to  the  foct  that  dnst  had  so  entered 
as  to  prevent  the  cut-off  being  moved  out  of  the  way  by  the  bolt  ou 
closing. 

The  piece  worked  satisfoctorily  as  a  single-loader.  After  the  second 
dusting  the  same  trouble  with  the  cut-off  was  manifest. 

Two  cartridges  missed  fire  on  3  blows;  exploded  on  first  blow  in 
Springfield  ritle. 

Mr.  Keene,  agent  for  the  gun,  stated  that  by  a  slight  filing  away  of 
surplus  metal  between  two  shoulders  on  the  cut-oEf,  in  order  to  make- 
room  for  dnst,  the  defect  observed  would  be  remedied.  The  Board- 
permitted  this  to  be  done,  when  the  dust  test  was  repeated.  The  gun- 
worked  well,  with  the  exception  that  one  cartridge  did  not  feed  up  until 
the  third  trial. 

yi.—BtKt. 

Guns  worked  well  throughont. 

VII. — Excessive  charges. 

Shell  burst  underneath  gas-escape  at  each  round.  Otherwise  gon 
worked  satisfactorily. 

SUPPI^MEHXART  TESTS. 
Sepiehbbr  4,  1878. 

Mean  time  of  firing  20  rouuds  by  3  enlisted  men  of  the  armory  detach- 
ment, loading  from  the  cartridge-bos,  with  the  exception  of  one  magazine 
full  previously  loaded,  2  minutes  29  seconds. 

Difficulty  was  experienced  in  getting  the  cartridges  b>  feed  ttom  Oxe 
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magazine,  the  marksmen  being  oonetantly  compelled  to  more  tlie  car- 
tridge-Btop  fittm  its  mouth. 

Of  the  «0  cartridgea  fired  47  hit  the  target,  6'  by  24',  100  yawte  diB- 
ttmce ;  15  hit  the  figiire  of  a  man  at  the  center  of  target ;  the  othta 
were  near  it. 

Sbfteubbk  17,  187& 

Decided  escape  of  gas  at  firing  of  all  defeciire  cartridges.  Onn 
worked  rather  stiffly.  The  cartridge-stop  had  to  be  puAhe<l  hack  b; 
the  fingers,  the  cut-off  not  operatii^  it,  before  the  magazine  could  be 
loaded. 

Sbptember  si,  1678. 

U.—Bu«t. 

Opened  with  comparative  ease.  Firing-pin  was  so  rnsty  that  main- 
spring would  not  throw  it  forward  until  it  had  been  moved  back  and 
fori,h  many  times.  Rust  on  end  of  trigger-sear  and  on  fiUl-cock  notch 
prevented  pulling  ofiF  of  the  trigger  without  use  of  a  rope.  Cartridg»i 
did  not  feed  up  from  magazine.  After  each  round  witli  heavy  chai^ 
shell  was  cut  through  at  extractor.  The  head  in  three  cases  was  nMily 
cut  off,  due  to  the  rotating  of  the  extractor.  Heads  of  two  sheUs  Wew 
off;  shells  were  removed  by  means  of  headless  shell-extractor.  >'ooQ 
was  used  during  test. 

Bkarpa  Blfle  Comapmrnj^u  mamslae-aaB,  Ho.  9. 

Tliis  gun  belongs  to  that  system  in  which  a  fixed  chamber  is  closed  by 
a  bolt,  by  direct  action,  and  in  which  the  lock  is  concealed. 

The  receiver,  shown  in  Fig.  1,  Flate  V,  has  a  slot  in  its  upper  saibce 
for  the  purpose  of  loading  the  chamber  or  filling  the  magazine.  It  ia 
boreal  through  at  rear  for  the  reception  of  the  breech-bolt,  which  is  com- 
posed of  two  principal  parts,  viz :  The  body  and  the  locking-tube,  Pips. 
3  and  3.  The  bolt  is  locked  by  Ings,  A,  on  the  locking-tul>e,  tunimg 
in  corresponding  cuts  in  tlie  receiver.  The  bolt  carries  on  its  upper  sur- 
face the  extractor,  Fig.  1,  wliich  is  of  the  onliuarj-  spring-book  i>atteni. 
and  in  its  axis  the  firingpinLwhich  extends  the  whole  length  of  the  bolt. 
The  spiral  form  of  the  liice,  B,  of  the  locking-tube,  and  of  the  shoulder, 
C,  of  the  bolt,  is  such  as  to  cam  the  bolt  np  against  the  head  of  tbe  car- 
tndge  when  the  bolt  is  locked. 

On  the  rear  face  of  the  locking-tube  are  two  spiral  surfaces,  F,  wliidi 
bear  against  corresponding  surfaces,  G,  of  the  flriug-pin.  The  nidockiug 
of  the  bolt  cams  back  tbe  flnjig-pin  until  the  poiut  H,  Fig.  1,  passes  I>eyon(i 
the  nose  I,  of  the  sear.  "Wlieu  the  handle  is  turned  down  to  lock  the 
bolt,  the  flring-pin  spring  is  comjtreBsed  between  the  shoulders  J,  on 
the  pin,  and  the  nut  K,  on  the  extreme  rear  of  the  Iwlt.  On  withdraw- 
ing the  nose  of  the  sear,  the  flring-pin,  iiuder  the  influence  of  ita  spring, 
moves  forward  and  explodes  the  cartridga 

The  shell  is  ejected  by  the  ejector-pin  L,  Fig,  1,  which  strikes  against 
the  lever  M,  Fig.  1,  of  the  carriet,  when  the  bolt  ia  withdrawn,  aud 
is  driven  forward  against  the  lower  side  of  the  head  of  the  Mbell, 
while  tlie  extractor  is  pulling  on  the  upper.  The  flring-pin  spring  aoi 
rear  of  bolt  are  protected  by  a  thin  shell,  N.  The  bolt  is  prevented  from 
being  drawn  completely  out  of  the  receiver  by  tbe  lever  of  the  carrier 
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and  by  a  key  striking  on  a  shoulder  on  the  upper  snrflAce  of  the  ex- 
tractor. 

The  magazine  is  in  the  tip-stock.  The  carrier  is  shown  at  O,  Fi^.  1. 
When  the  breeeh-bolt  is  ■withdrawn  the  projection  Pj  in  which  the 
ejector-pin  is  situated,  strikes  the  lever  M,  of  the  earner,  tipping  the 
latter  up  in  a  position  oblique  to  the  asis  of  the  bore,  bringing  the  point 
of  the  cartridge  nearly  opposite  the  center  of  the  chamber.  The  carrier 
is  held  in  this  x>ositiou  by  the  pin  and  spring  shown  at  Q.  When  the 
bolt  is  closed  tiie  cartridge  is  driven  in  the  chamber,  while  the  project 
tion  E,  on  the  bolt,  strikes  the  lever,  causing  the  front  of  the  carrier  to 
descend  opposite  the  mouth  of  the  magazine  to  receive  another  cartridge. 

The  carrier  is  of  such  thickness  at  its  front  as  not  to  uncover  the  mag- 
aziiie-tnbe  completely  when  the  former  rises.  Cartridges  are  thus  pre- 
vented from  escaiiing  from  the  magazine  except  when  the  carrier  is  in 
]H>Hition  to  receive  them.  No  magazine  cut-off  is  applied  to  this  gun; 
conseqneutly,  it  can  only  be  used  as  a  single-loader  when  the  magazine 
is  empty.    No  wiping-rod  is  provided. 

As  a  magazine-gun,  3  motions  are  necessary  to  operate  it^  viz:  opened, 
closed,  fired. 

As  a  single-loader,  4  motions  are  necessary,  viz:  opened,  loaded,  closed, 
fiml. 

This  gun  carries  9  cartridges  in  the  magazine,  1  in  the  carrier,  and  1 
in  the  chamber. 


April  9,  1976. 

Tlie  safety-test  was  complied  with  by  Mr.  Borchardt,  representing  the 
gnn.     Time,  15  seconds, 

I.-^St^iditif  icitk  aecurae^. 

As  a  magazine-gnn,  20  shots  were  fired,  of  which  IS  strack  the  target; 
7  cartridges  remained  in  the  magazine.  1  cartridge  was  forced  in 
obhquely,  the  bullet  striking  the  counter-bore  and  checking  the  breech- 
bolt. 

As  a  single-loader,  17  shots  were  fired,  of  which  15  struck  the  target. 
1  shell  failed  to  extriLct;  1  cartridge  missed  fire,  due  to  the  fact  tliat  the 
trigger  was  pulled  before  the  bolt  was  locked.  Great  effort  was  neces- 
sarj-  to  draw  back  the  breech-bolt,  owing  to  the  expansion  of  the  cop- 
]>ei'  shells. 

II, — Rojpidity  at  wiU. 

As  a  magazine-gun,  IG  shots  were  fixed:  3  cartridges  remained  in  the 
magazine.  2  cartridges  missed  fire  from  the  cause  above  stated;  1  buUet 
was  upset  by  striking  against  the  counter-bore. 

As  a  single-loader,  12  shots  were  fired;  1  shell  failed  to  extract;  the 
next  cartridge  was  thrown  out  unfired,  due  to  inability  to  enter  chamber, 
the  shell  being  still  in; 

The  bolt  was  blocked  and  progress  checked. 

IIL — Enduramse. 

During  the  first  50  rounds,  5  shells  &iled  to  extract.  Cartridges  in 
each  case  were  rammed  up  against  the  shell  in  the  chamber,  checking  the 
motion  of  the  holt    The  exhibitor  stated  that  in  preparing  his  gun  the 
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Union  Metallic  Cartridge  Company's  cartridges  had  been  naed  for  trial, 
and  tbat  the  giin  worked  sattrfactorily  with  them.  Some  of  this  mtmn- 
foctnre  were  then  obtained,  when  it  was  found  that  they  ganged  so  ineg- 
nlariy  in  the  diameter  of  the  head  that  hut  few  would  enter  the  ma^ 
zine-tube.  13,  however,  were  fired.  20  Lowell  cartridges  were  then 
fired;  they  worked  sstisfactorily.  The  second  50  was  complet«d  with 
the  serrice-cartridge.  Shortly  after  beginning  the  third  50,  2  shells 
failed  to  estnict.  The  exhibitor  proposed  a  slight  filing  of  the  extractor, 
to  irhich  the  Board  a8sent«d.  It  wa«  found  afterwanl  that  it  did  not 
extract  at  all.  At  the  end  of  the  125th  sbot  the  Board  discontinued  tlie 
test  for  f^irther  correction  of  the  extractor. 

Apui.  10,  ists. 
Seventy-five  rounds  were  fired.  Tlie  cartridges  were  Frankfoni  sr- 
senal  manufacture.  They,  as  well  as  the  copper-case  cartridges  pre- 
\io«Bly  flred,  bad  been  in  the  Metcalfe  blocks  until  they  had  l>econif 
much  corroded;  they  stuck  in  the  cliamber,  requiring  great  effort  to 
withdraw  them.  17  shells  failed  to  extract  1  cartridge  jarred  jartlv 
out  of  the  magazine  into  the  carrier,  checking  the  action  of  the  bolt  Ibf 
exhibitor  then  asked  for  and  obtained  i^ermission  to  withdraw  the  pin. 


Sharp*  Bifle  CompsBr**  IHBBBzlne-OnH,  Ke.  S. 

(Differs  from  No,  3  only  in  the  form  of  the  extractor.) 

April  15,  1878. 
Safety-teat  complied  with  by  Mr.  Borchardt.    Time,  27  seconds. 
L — Bapiditg  tntk  otvurtuiy. 

As  a  magazine-gun  18  shots  were  fired ;  all  stmck  the  target.  1  car- 
tridge mis^  fire,  due  to  the  fact  that  the  trigger  was  pulled  before  ibe 
bolt  wa«  fully  locked.  1  cartridge  remained  in  the  magazine.  2  cartridges 
were  not  forced  fully  back  into  the  carrier  by  the  magaziue-Bpriuj;:  the 
carrier  was  prevented  from  ri:nug  and  the  action  of  the  bree4:lt-bolt 
checked. 

As  a  single-loader,  26  shots  were  fired;  all  stmck  the  target  fi<^t 
worked  with  great  difficulty  throughout  the  test. 

The  cartridges  were  the  copper-case,  jnst  received  from  Frankfoni 
arsenal. 

II. — Rapidity  at  vnlt. 

As  a  magazine-gun,  10  shots  were  fired.  Ten  cartridges  remained  iu 
the  magazine. 

As  a  single-loader,  12  shot«  were  fired.  One  cartridge  remained  in 
the  chamber.  One  cartridge  was  thrown  out  unflred,  due  to  Oie  lause 
stated  under  teat  I.  The  bolt  had  to  be  withdrawn  by  striking  iU  haiidle 
'against  a  table. 

m. — Endurance. 

Thirty-six  shots  were  fired,  the  bolt  working  with  great  difficnitj. 
The  exbibitor  then  asked  for  and  obtained  permission  to  withdnvtlie 
gun. 


■■yGoo^Ic 
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Sbarps  Rifle  Company's  MaBBzlKe-Gniii  He.  8. 

(Diflers  from  No.  5  in  having  aprojection,D  [Plate  V],  on  the  extractor, 
which^  by  working  in  a  spiral  groove,  E,  in  that  portion  of  breech-bolt 
to  which  the  handle  is  attached,  cams  back  the  extractor  as  the  bolt  is 
unlocked,  starting  the  empty  shell  before  the  withdrawal  of.the  ttolt 
begins.) 

April  22, 18T8. 

Safety  test  was  complied  with  by  Mr.  Gum,  marksman  at  the  Sharps 
armory.    Time,  15  seconds. 

One  cartridge  was  thrown  ont  unflred,  dne  to  the  trigger  being  puUed 
before  the  bolt  was  folly  locked.  The  exhibitor,  desiring  to  show  that 
this  time  could  be  diminished,  made  two  attempts.  The  first  was  com- 
pleted in  22  seconds,  and  the  second  in  16  seconds.  In  each  case  time 
was  lost  by  cartridge  striking  on  counterbore,  stopping  the  breech-bolt. 

I. — Sapidity  tcith  accuracy. 

As  a  magazine-gnn,  27  shots  were  fired ;  24  struck  the  target ;  6  car 
tridges  remained  in  the  magazine. 

As  a  single-loader,  41  shots  were  fired,  of  which  '33  struck  the  target. 
In  addition,  1  cartridge  was  thrown  out  unflred,  due  to  cause  already 
stated. 

U,~Bf^ity  at  wiO. 

As  a  raagazine-gan,  21  shots  were  fired ;  4  cartridges  remained  in 
the  magazine. 
As  a  single-loader,  26  shots  were  fired. 

Ill, — Enduraiiee. 

Gun  worked  satisfactorily  throaghont  the  test 

IT. — Defective  cartridges. 

At  first  fire,  moderate  escape  of  gas ;  paper  somewhat  torn.  At  sec- 
ond fire,  decided  escape  of  gas :  paper  much  torn.  At  third  fire,  no 
escape  of  any  moment.  Breech  mechanism  somewhat  fouled.  Gun 
worked  well  at  close  of  test. 

v.— Dim/. 

Gun  worked  well  throughout  test 

April  25, 1S7B. 

W.—Rwat. 

The  gun  having  been  dipped  in  sal-ammoniac  and  exi>08ed  the  pre- 
scribed period,  was  examined  and  found  to  be  badly  rusted.  The  breech- 
bolt  worked  fireely  during  the  firing, 

VII. — Excessive  charga. 

Gun  worked  well  throughout  test  The  gun  was  then  cleaned  and 
Bet  aside  for  fhrther  action  of  the  board. 


.oogic 


4S8  SEPOBT  OF  THE  CHIEF  OF  OSDNAKCE. 

aOPPUgafEMTABT  TBST. 
Sbprhbek  4,  ie7& 

Mean  time  of  tiling  20  rounds  by  3  enlisted  mea  of  tiie  armory  detach- 
ment, loading  from  the  cartridge-bux,  viih  the  exception  of  one  maga- 
zine ftill,  preWousIy  loaded,  2  minutes,  34  seconds. 

Of  the  60  cartridges  fired  38  hit  the  target— 6'  by  24'— 100  yards  dis- 
tance; 11  hit  the  figure  of  a  man  at  center  of  target;  the  others  were 
near  it. 


17,  JW8. 

l.~I>1Ut. 

Considerable  escape  of  gas  at  firing  o{  defective  cartridges.  ASia 
second  dusting  extractor  failed  to  draw  one  shell  on  first  trial  8«h» 
little  difficulty  was  experienced  in  working  the  gun.  Cartridges  did  not 
feed  perfectly  owing  to  sticking  of  the  cartridge-follower. 

Septembek  81, 1878. 


Could  not  be  opened  without  pounding  on  bolt  with  lead  bammpr' 
The  bolt  had  to  be  driven  back  and  forth  with  the  hammer  after  eadi 
round.    Ko  oil  was  used  during  the  test 


FraBklia  niacazlne-OaB,  Ho.  1. 

This  gun  belongs  to  that  system  in  which  a  fixed  chamber  is  cleeed 
by  a  bolt,  by  direct  action,  and  in  which  the  lock  is  concealed. 

The  receiver,  Figs.  1  and  3,  Plate  VI,  has  a  vertical  slot  cut  entireJy 
through  it  for  the  purpose  of  receiiing  cartridges  &om  above  and  affwd- 
ing  egress  to  tbe  empty  shells  below.  It  h^  also  a  longitudinal  «)ot 
through  which  the  handle  on  the  breech-bolt  slides,  with  a  side  cot  at 
the  front  end  of  t^e  slot  for  the  reception  of  the  handle  when  the  bott  is 
locked. 

The  breech-bolt,  Fig,  6,  is  composed  of  three  parts,  viz :  the  locking- 
tube  A,  the  bolt-head  B,  and  the  cocking-piece  C  To  the  latter  of  thw* 
the  firing-pin,  Fig.  8,  which  extends  the  whole  length  of  the  breed>-balt, 
is  secured  by  a  screw.  The  bolt-bead,  which  supports  the  cartridge  at 
the  instant  of  fire,  is  secured  to  the  locking-tube  by  a  i)in  at  right  tat^e* 
to  its  axis.  The  flring-pin  spring,  which  is  held  between  the  dionlder 
on  the  front  of  the  flring-i)in  and  that  at  the  bottom  of  the  lockiiig-tnlw. 
serves  by  its  tension  to  hold  in  contact  the  locking-tube  and  cwking- 
piece. 

By  meuiB  of  the  spbal  surfaces  of  tJie  pntjeetion  D,  Fig.  8,  on  the 
cocluDg-piece,  and  a  corresponding  recess  on  the  lockiug-tum,  the  cock- 
ing-piece  is  cammed  back,  withdrawing  the  jttAnt  of  the  firii^-pin  witLiu 
the  face  of  the  bolt-head,  when  the  jiiece  is  unlocked.  Accideutal  esplo 
sious  are  thus  avoided  in  closing  the  bolt.  The  form  of  the  cut  in  tlic 
recei\'er  at  E,  Fig.  1,  is  such  as  to  earn  back  the  handle,  and  widi  it  the 
bolt,  during  the  unlocking,  starting  the  empty  shelL  This  is  a  necessary 
feature  of  all  bolt -gnus  which  are  iutended  to  fire  copper-case  cartridges. 
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The  breech-bolt  is  prevented  from  being  palled  complete!)'  ont  by  the 
nose  of  the  sear  F,  Fig.  2^  striking  on  the  bolt-head. 

The  magazine,  which  is  a  metallic  tube,  lies  on  top  of  the  barrel. 
The  magazine  stop-spring  is  fastened  at  its  rear  to  the  lever  G,  Fig.  1. 
Its  Irout  is  inclined  to  the  axis  of  the  receiver  as  shown  at  L,  Fig.  5. 

When  the  handle  is  turned  so  as  to  unlock  thebreech-bolt,  alever,  H, 
Figs,  i  and  10,  one  extremity  of  which  enters  the  groove  I,  Fig.  6,  wliile 
the  other  is  connected  with  the  magazme  stop-spring  and  its  lever  Q, 
Fig.  1,  is  8o  moved  as  to  cause  the  stop-spring  to  move  forward,  wheu 
its  inclined  fnmt  springs  through  an  opening  in  the  side  of  the  receiver 
and  partially  covers  the  mouth  of  the  magazine,  preventing  escape  of 
cartridges.  When  the  breech-bolt  is  returned  to  its  locking  position  the 
stop-spring  is  returned  to  its  first  position  by  means  of  the  spring  J, 
Fig.  1,  operating  its  lever;  at  the  same  time  the  iDcliued  face  of  the  stop- 
spring  bearing  on  tJie  side  of  the  cut  in  the  recedver  is  pressed  out  of 
the  way,  and  a  cartridge  issues  from  the  magazine  into  the  space  above 
the  breech -bolt. 

It  follows,  therefore,  that  a  cartridge  always  occupies  the  space  above 
the  breeeh-bolt  when  the  piece  is  locked,  provided  the  magazine  has 
been  pi-eviously  filled.  Wheu  the  bolt  is  withdrawn  this  cartridge, 
under  the  infiuence  of  gravity'  alone,  falls  into  a  position  in  hue  witli  the 
axis  of  the  bore.  The  ballet  is  supported  by  a  shelf  in  rear  of  the  cham- 
ber. 

The  base  of  the  cartridge  is  preveuted  fixMU  foiling  below  the  line  of 
the  axis  of  the  boie  by  tiie  shape  of  the  slot  in  the  receiver,  which  is 
only  wide  enough  for  the  shell  to  fall  through  when  its  head  is  behind 
the  extractor.  This  condltiou  only  obtains  when  the  shell  is  being  with- 
drawn. 

When  the  bolt  is  returned  the  cartridge  is  forced  into  the  chamber 
and  another  one  enters  the  space  above  the  breech-bolt 

A  lid  covers  the  ox>ening  at  top  of  the  receiver. 

A  catch  on  the  lever  H,  Fig.  4,  sen-es  to  keep  the  lid  closed  except 
when  the  breech-bolt  is  unlocked.  If  the  lid  be  raised  during  that  time, 
a  shoulder,  M,  Pig,  1,  on  its  interior  bearing  against  the  lever  H,  prevents 
tlie  stop-spring  returning  to  its  original  ix>sitioii.  The  lid  remaining 
oi)en,  the  piece  may  be  loaded  and  tired  as  a  single-loader. 

JTo  Rector  is  required  with  this  gun,  gravity  again  being  called  on  to 
effect  Uie  fall  of  tbe  empty  shell  ttirough  the  opening  K,  Fig.  3,  to  the 
ground.  As  a  magazme-gun^  3  motions  are  necessary  to  operate,  viz : 
opened,  closed,  fired.  As  a  smgledoader,  4  motions  are  necessary,  viz : 
opened,  loaded,  closed,  fired. 

This  gun  carries  10  cartridges  in  the  magazine,  1  in  the  space  above 
the  bieech-bolt,  and  1  in  the  chamber. 

SYNOPSIS  OF   TESTS. 

April  4,  l&tS. 

The  safety-test  was  complied  with  by  Mr.  Whitney,  representing  the 
arm,  the  magazine  being  Med  before  commencing  the  test.  Time,  27 
seconds. 

L — Bt^idity  with  mcurac}/. 

As  a  magazine-gun,  21  shots  were  fired,  of  which  17  struck  the  target. 
7  cartridges  remained  in  the  magazine.  2  cartridges  fell  through  the 
opeuing  to  tbe  ground  unfired,  first  catohing  and  holding  the  tn'oech- 
bolt. 
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As  a  sinple-loader,  29  sbots  were  fired,  of  which  27  Btnick  the  tai^ 

At  the  end  of  tbis  test  the  markmnan  api>eared  much  &ti|nie<l  Avm 

holding  a  gnn  weighted  with  a  magazine  parallel  to  the  barrel;  his 

hand  wam  wounded  by  tbe  sharp  coniers  on  the  Ud,  as  was  alw  Mr. 

Whitney's  after  the  Safetj'  test 

II, — Rapi^itif  at  icitl. 

As  a  magazine-gun,  18  shots  were  flred ;  2  cartridges  remained  in  tbe 
magazine. 
As  a  single-loader,  31  shots  were  fired. 

m. — Endurance. 

At  the  end  of  50 rounds  shoulder  on  lid  showed  considerable  wear.ts 
did  also  the  side  of  the  breech-bolt  handle.  One  shell  Mled  to  eihacl; 
Heveral  cartridges  fell  through  to  the  ground  before  it  was  diBcoverrd: 
the  shell  was  then  driven  out  with  a  ramrod.  At  the  end  of  100  rooDiJs 
the  wear  of  lid  was  much  increased.  Bolt  and  lid  worked  stiffly.  At 
end  of  150  rounds  the  same  trouble  was  manifest.  At  end  of  2O0  roimds 
worked  with  great  difflciilty.  Pivotscrew  to  lid-catch  was  found  partly 
unscrewed.  At  end  of  250  rounds  the  firont  and  rear  faces  of  breerb- 
bolt  handle  showed  mucli  wear.  Bolt  worked  exceedingly  hard.  At 
end  of  270  rounds  bolt  worked  with  such  great  difficulty  as  to  practi- 
cally render  the  gnn  unserviceable.  '  It  being  near  six  o'clock  the  te»it 
was  suspended  for  the  day. 

Gun  withdrawn  without  fiirther  test. 


Wart-Bnrton  MasaKiae-Oaa,  Ko.  9. 

(Klade  at  the  National  Armory  in  1873.) 

This  gun  belongs  to  that  system  in  which  a  fixed  chamber  is  closed 
by  a  bolt,  by  direct  action,  and  in  which  the  lock  is  concealed. 
^  The  breech-bolt  is  essentially  a  tube  closed  at  the  rear  by  the  solid 
portion  of  which  the  handle  forms  a  part.  Fig.  2,  Plate  VII,  and  tenni- 
uated  at  ftont  by  a  bolt-head.  Fig.  3,  the  top  of  which  extends  the  *hol» 
length  of  the  breech-bolt.  The  bolt-head  carries  the  extractor,  which 
is  of  the  ordinary  spring-hook  pattern,  and  supports  the  cartridge  al 
the  instant  of  fire.  The  breech-bolt  has  a  slot,  A,  on  its  lower  sui^. 
extending  about  two-thirds  its  length,  parallel  with  its  axisj  at  the  rear 
the  slot  turns  at  right  angles  to  the  axii*  and  extends  about  one-<}iiarter 
the  way  around  the  tube.    This  slot  receives  the  sear. 

The  flring-pin.  Fig.  4,  is  hollowed  out  at  its  rear  end  for  the  reception 
of  the  firing  pin  spring.  On  the  pin  is  a  cam,  B,  which,  by  t>eariD^  on 
an  incline,  C,  on  the  bolt-headj  retcacts  the  pin,  preventing  it  from  com- 
ing in  contact  with  the  cartridge  unless  the  piece  be  locked.  On  the 
rear  of  the  pin  is  also  a  lug,  1),  which,  fitting  in  a  groove  on  the  inner 
Kur&ce  of  the  breech-bolt,  compels  the  pin  to  rotate  when  the  bnwb- 
bolt  handle  is  turned,  thus  causing  the  cam  on  the  pin  to  operate.  The 
ejector,  E,  passes  through  the  bolt-head  below  the  firing-pin.  The  rear 
end  of  the  ejector  is  struck  by  the  sear  when  the  breech-bolt  is  wjth- 
tlrawn,  and  driven  against  the  lower  portion  of  the  head  of  the  cartTid{t< 
while  the  extractor  is  pnlling  on  the  upper.    The  combined  effect  is  to 
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throw  out  tlie  empty  shell.  The  receiver  has  a  female-screw-thread  ou 
its  inner  rear  sarface,  alternate  sixths  of  which  are  cut  away.  The 
breech-bolt  has  a  corresponding  thread,  F,  Fig.  2,  cut  away  in  a  similar 
mauner.  Tlie  breech-bolt  is  locked,  after  being  pushed  forward  to  its 
seat,  by  simply  turning  down  the  handle  when  the  iwrtion  of  the  thread 
remaining  on  the  bolt  enters  that  remaining  in  the  receiver.  The 
thread  being  right-handed  forces  the  bolt  well  up  to  the  base  of  the 
cartridge,  when  the  piece  is  locked;  the  reverse  operation  starts  the 
empty  shell,  when  it  may  be  easily  withdrawn. 

The  piece  is  cocked  by  withdrawing  the  breech-bolt  and  then  return- 
ing it  to  position.  When  withdrawQ  the  end  of  the  sear  passes  over 
the  shoulder,  G,  on  the  flring-pin.  Wheu  the  bolt  is  closed  the  firing- 
pin,  held  back  by  the  Bear,  compresses  the  flring-pin  spring.  "Wheu  the 
piece  is  cocked  the  end  of  the  sear  is  in  the  groove  A,  in  the  breech- 
bolt.  By  pressing  on  the  trigger  the  sear  is  lifted  from  the  groove,  and 
the  firing-pin,  impelled  by  its  spring,  explodes  the  cartridge. 

The  magazine-tube  is  in  the  tip-stock. 

The  carrier  is  shown  at  H,  Fig.  I.  When  the  breech-bolt  is  with- 
drawn the  front  end  of  the  slot  in  its  lower  surface  strikes  on  the  lever 
I  of  the  carrier,  tipping  the  latter  up  in  a  position  oblique  to  the  axis 
of  the  bore.  The  point  of  the  cartridge  is  thus  brought  opposite  the 
center  of  the  chamber.  The  carrier  is  held  in  position  by  a  spring. 
When  the  bolt  is  closed  the  cartridge  is  driven  into  the  chamber  while 
the  rear  end  of  the  slot  in  the  breech-bolt  strikes  against  the  lever, 
causing  the  front  of  the  carrier  to  descend  opposite  the  mouth  of  the 
magazme.  As  the  earner  descends  its  lower  front  end  strikes  a  stop- 
spring,  J,  Fig.  1 — ^whose  function  is  to  prevent  the  cartridges  escaping 
from  the  tube — ^presses  it  back,  and  permits  one  cartridge  to  enter. 

The  magazine  is  loaded  from  below  by  first  withdrawing  the  breech- 
bolt  so  as  to  lift  the  carrier  from  the  end  of  the  magazine. 

A  magazine  cut-off  enables  the  piece  to  be  used  as  a  single-loader. 

As  a  magazine-gun,  3  motions  are  required  to  operate  it,  viz :  opened, 
closed,  fired. 

As  a  single-loader,  4  motious  are  required,  viz:  opened,  loaded, 
closed,  fired. 

This  gnu  carries  7  cartridges  in  the  magazine  and  1  in  the  chamber. 

SYHOPSIS  OP   TESTS. 

April  8,  1OT8. 
Safety  and  rapidity  test 

An  attempt  was  made  to  comply  with  this  test,  bnt  after  two  shots 
the  brcech-bolt  refused  to  oxien.  After  some  delay  it  was  opened  and 
an  examination  made,  but  the  cause  of  the  difficulty  conld  not  be  ascer- 
tained. The  test  was  resmned  when  it  was  discovered  that  the  maga- 
zine stop-spring  &iled  to  prevent  the  cartridges  from  slipping  partially 
out  below  the  carrier,  which  could  not  then  descend  into  position.  The 
gun  was  dismounted  and  examined  and  all  parts  found  to  be  sound. 
On  being  assembled  it  was  again  tried  but  failed  not  only  fr^m  the 
cause  above  stated,  but  from  cartridges  being  forced  in  obliquely  to  the 
axis  of  the  barrel,  causing  them  to  bind  and  prevent  the  breecb-block 
being  closed.  Further  tests  were  then  discontinued  and  the  gun  put  in 
the  hands  of  the  maker,  who  pronounced  it  complete  as  onginallj  made. 
April  9,  1876. 

This  gun,  tried  with  Union  Metallic  Cartridge  Company's  cartridges, 
failed  to  operate  precisely  as  before  stated.    It  was  then  withdrawn. 
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Barton  KnyBxlae-Oaii)  Ho.  tl. 

In  principle  this  gun  does  not  diGfer  from  tlie  Ward-Burtoa  Xo.  3, 
already  described.  The  points  of  difference  in  construction  are  an  fol- 
lows :  The  joint  between  the  body  of  the  bolt  and  ita  head  is  traufiferred 
in  this  gun  to  the  rear,  so  that  the  body  of  the  bolt.  Fig.  2,  Plate  VIII, 
takes  the  place  of  the  head,  while  the  rear  portion,  Tig.  3,  sen'es  simply 
to  lock  it.  As  the  bod^  of  the  bolt  does  not  rotate,  the  sear-bolt  slot  at 
right  angles  to  its  axis  is  dispensed  with,  giving,  it  is  claimed,  a  stronger 
bolt. 

The  extractor  A,  Fig.  1,  though  called  a  lever  extractor,  is  a  spriug 
book  pinned  to  the  bolt  near  ita  front.  The  rear  of  the  extractor  is 
thickened  so  as  to  bear  against  the  cam  B,  on  the  flriag-piu,  which  pre- 
vents the  descent  of  its  rear  with  the  corresponding  rise  of  its  frout 
In  withdrawing  a  shell  the  spring  can  only  be  from  the  front  portion 
atone.  The  trigger-spring  C  serves  also  to  hold  the  carrier  in  jdate. 
The  carrier  is  composed  of  two  principal  parts,  D  and  E,  separated  at 
front  by  a  flat  8i)ring,  F.  The  lower  portion,  which  is  pivoted  at  its  rear 
to  the  upper,  has  on  its  front  a  sort  of  finger,  O,  which  may  be  made  to 
pass  tlin>ugh  a  slot  in  the  iq>per  portion  so  as  to  project  partly  across 
the  mouth  of  the  magazine,  cutting  off  the  escape  of  cartridges  by  am- 
ply turning  a  set^screw,  EL  in  rear  of  the  pivot.  The  motions  are  the 
same  as  in  Ward-Burton  So.  2. 

This  gun  carries  8  cartridges  in  the  magazine  and  1  in  the  chamber. 

BTNOPBIS  OF  TESTS. 
Jum  30,  1878. 

The  safety  test  was  complied  with  by  Mr.  B.  T.  Hare,  armory  muts- 
man.    Time,  28  seconds. 

I. — Rapidity  with  aecuraeg. 

As  a  magazine-gun  2d  shots  were  flre<l,  of  which  18  struck  the  target; 
5  c  iiuK.r.- "  i>-iiiaiiuti  in  the  magazine. 
As  a  siugle-looder  33  shots  were  fired,  of  which  27  struck  the  target 

n; — Sapidity  at  wilh 

As  a  magazine-gun  16  shots  were  fired;  2  cartridges  remained  in  the 


As  a  single-loader,  18  shots  were  fired. 

During  tiiese  tests  the  carrier  foiled  twice  to  crane  fWly  op  with  car- 
tridges, mise-flres  being  the  result. 

The  bullets  of  3  cartridges  struck  against  the  rear  of  the  chamber, 
stopping  the  breech-bolt. 

III. — Endwrance. 

Ten  rounds  were  fired.  It  was  found  that  the  carrier  wonld  not  bring 
the  cartridges  op  in  line  with  the  axis  of  the  bore.  The  Board  then  dis- 
continned  the  test.    The  exhibitor,  od  bemg  notified,  witiidrew  the  gun. 
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Lee  niaBUlne-OBn,  N«.  99i 

'Withdrawn  before  drawings  and  detailed  description  could  be  pre- 
pared. 

It  may  be  stated,  however,  that  it  belongs  to  tiie  claas  of  bolt-gnna  in 
which  the  bolt  is  operated  by  direct  action  and  in  which  the  lock  is 
concealed. 

The  pecnliarity  consists  in  the  application  of  a  magazine,  either  fixed 
or  detachable,  below  the  receiver,  just  in  &ont  of  the  gnard. 

The  rear  bottom  portion  of  the  receiver  is  cut  away  in  order  that  the 
cartridges  may  enter  from  betow.  The  latter  are  fed  np  by  springs  at 
the  bottom  of  the  magazines,  retainmg  their  parallelism  with  the  bolt 
until  tiiey  come  in  line  with  the  axis  ^  the  bore  when  they  are  forced 
by  the  bolt  in  the  chamber.  Each  magazine  carries  5  cartridges;  when 
detachable  they  are  cheaply  made  and  may  be  thrown  away  alter  the 
cartridgee  are  tired. 

When  the  magazine  is  detached  the  gtm  is  umply  an  ordinary  single- 
loader. 

The  empty  magazine  may  be  removed  and  a  full  one  attached  with 
great  rapidity. 

As  a  magazine-gon  3  motions  are  necessary  to  operate  it,  viz :  opened^ 
closed,  fired. 

As  a  single-loader  i  motions  are  necessary,  viz:  opened,  loaded, 
closed,  fired. 

This  gun  carries  5  cartridges  in  the  magazine  and  1  in  the  chamber. 

This  gun  was  not  tested. 


BKEECH-LOADING  SMALL-ARMS  HAVING  A  FIXED  CHAMBER  CLOSED  BY 
A  MOVABLE  BREECH-BLOCK  WHICH  SLIDES  IN  THE  LINE  Of  THE 
BARREL  BY  DIRECT  ACTION,  I.  E.,  BOLT-GUNa  WHICH  HAVE— 

l.-CE^TBB  LOCKS. 


Hnnt  naKazlBe-Oniit  No.  4. 

This  gun  belongs  to  that  system  in  which  a  fixed  chamlwr  is  closed 
by  a  bolt,  by  direct  action.  The  receiver,  Figs.  1  and  2,  Plate  IX,  has 
a'slot  in  it«  upiwr  surface  for  the  purpose  of  loading  the  cbamber  direct 
when  the  piece  is  need  as  a  single-loader;  it  is  also  boretl  through  at 
rear  for  the  recei»tion  of  the  Ineecli-lxjlt.  Tlie  latter  is  compo»«l  of  two 
parta,  the  body  and  the  locking-tube,  which  are  connected  by  a  left- 
hand  screw-tfareail.  The  bolt  is  locked  by  two  lugs,  U,  Figs,  (f  and  7, 
turning  in  corresponding  cuts  in  the  receiver.  Tlieae  lugs  arc  so  shaped 
on  their  rear  surfiicea  as  to  cam  the  bolt  against  the  batie  of  the  cart- 
ritlge  during  the  locking.  A  cam,  C,  Fig.  ti,  on  the  inner  surface  of  the 
rear  end  of  the  locking-tube  forces  the  bolt  slightly  to  the  rear,  starting 
the  shell,  during  the  unlocking.  The  opening  of  the  joint  in  tlie  breech- 
bolt  (the  thread  being  left-handed)  during  the  locking  aids  ui  the  cam- 
ming forward  of  the  bolt,  white  the  closing,  by  drawing  the  forward 
IKtrtion  to  the  rear,  aids  the  starting  of  tlie  shell.  When  the  bolt  is 
withdrawn  the  extractor,  which  is  of  the  spring-hook  pattern,  ptdls  on 
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the  upper  side  of  the  head  of  the  shell  while  tiie  ander  side  strikca 
against  the  forked  post  A,  Figs.  1  and  5.  By  this  meaos  the  8h«ll  is 
thrown  clear  of  the  fcaa.  In  order  to  insnre  the  ejection  of  the  shell  a 
quick  motion  of  tlie  bolt  is  necessarj'.  The  fork^l  post  acts  also  as  a 
guide  for  the  hreech-bolt. 

A  slot,  U,  Fig.  G,  in  the  rear  of  the  bolt  receives  the  nose  of  the  bam- 
mer,  allowing  it  to  strike  the  flring-pin  only  when  the  piece  is  locked.  A 
slide,  B,  Fig.  1,  prevents  the  hammer  being  pulled  back  by  catching  of 
clothing,  &c.  It  must  be  moved  back  before  the  hammer  can  be  cocked. 
The  magazine,  which  is  in  the  tip-stocky  is  loaded  from  the  side  of  the 
receiver,  or  from  underneath,  by  first  raismg  the  carrier  by  the  withdrawal 
of  the  breech-bolt.  The  carrier.  Fig.  3,  has  two  grooves,  A,  one  m 
each  side,  on  its  inner  surface.  In  these  grooves  projections  A,  Fi^.  S. 
on  the  breech-bolt  enter.  As  the  bolt  is  withdrawn  the  projections  travri 
in  the  upper  horizontal  portion  of  the  grooves  until  they  reach  the 
inclined  fiices  B,  when,  by  the  pressure  against  them,  the  carrier  is  com- 
pelled to  rise,  bringing  a  cartridge  opposite  tlie  chamber.  Mlien  tbf 
bolt  is  returned,  the  projections  travel  in  the  lower  horizontal  pordoo  rf 
the  grooves  until  they  reach  the  inclined  laces  C,  when  the  carm 
descends  opposite  the  mouth  of  the  magazine  to  receive  another  cart- 
ridge. In  rising,  the  carrier  never  completely  uncovers  the  magaTane. 
so  that  cartridges  cannot  escai>e  ontil  it  is  in  position  to  receive  tbenL 
Xo  magazine  cut-off  is  provided. 

As  a  magazine-gun  4  motions  are  necessary  to  operate  it,  viz:  coekfd, 
opened,  closed,  tired. 

As  a  single-loader  5  motions  are  necessary,  viz:  cocked,  opened,  loaded, 
closed,  tired.  The  gun  presented,  cal.  0".44,  carries  13  cartridges  in  (Ik 
magazine,  1  in  the  carrier,  and  1  in  the  chamber. 

This  gun  not  being  of  the  prescribed  caliber,  was  not  tested  by  tbe 
Board. 


BREECH-LOADINO  SMALL-ARMS  HAVING  A  FIXED  CHAMBER  CLOSED  BT 
A  MOVAHLE  IIRKKCH-BLOCK,  WHICH  SLIDES  IN  THE  LINE  OF  THE 
BARBEL  BY  INDIRECT  ACTION,  /.  K,  MOVED  BY  LEVERS  FROM- 


WlN  CHESTER. 

BUBOESS. 

TiESlNG. 


WlBCbester  Mnirazlne-OHn,  Hfo.  IS. 

This  gun  belongs  to  that  system  in  which  a  fixed  ciiamber  is  closed  If 
a  bolt,  sliding  in  line  with  the  axis  of  the  barrel,  and  operated  by  a  hrtt 
tima  below. 

The  receiver,  Figs.  1  and  2,  Plate  X,  is  divided  by  a  vertical  partition, 
A,  in  two  parts. 

The  carrier  occupies  the  front  portion,  while  the  rear  contains,  with  tbe 
exception  of  the  breech-bolt  lever,  the  mechanism  necessary  to  operate 
both  breech-bolt  and  carrier. 

The  breech-bolt.  Figs.  3,  4,  and  5,  is  a  single  piece,  at  the  upper  front 
end  of  which  is  the  extractor  (of  the  spring-hook  pattern),  pinned  to 
it,  and  at  its  rear  a  mass  of  metid  which  supports,  at  either  side,  the 
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rent  end  of  one  of  two  Bide-links,  B  and  C,  Fig.  1,  which  form  a  knnckle- 
oint  The  rear  ends  of  the  other  links  bear  againat  the  rear  of  the  re- 
viver, giving  the  necessary  support  for  the  bolt  in  firing.  The  outer 
'ud»  of  the  links  are  pivoted  to  the  bolt  and  receiver,  but  the  coustruo- 
ion  is  such  that  no  strain  comes  on  the  pivots.  A  groove,  D,  Fig.  1,  on 
he  inside  of  each  rear  link,  receives  the  end  of  a  strong  piu  on  the 
ireeclibolt  lever.  Motion  of  the  lever  consequently  produces  a  corre- 
poniUng  motion  of  the  links,  and  through  them  of  the  bolt. 

The  Uring-pin  extends  the  whole  length  of  the  receiver.  Its  point  is 
etractwl  within  the  face  of  the  bolt,  when  the  bolt  is  drawn  back,  by  a 
mall  lever,  B,  Fig.  1,  one  end  of  which  enters  a  recess  in  the  pin,  while 
he  other  strikes  against  the  pin  F,  Fig.  2,  causing  the  lever  to  rotate 
bout  the  pivot  through  the  &0Dt  eud  of  the  links  attached  to  the  breeoh- 
olt.  A  flat  spring — uot  shown  in  the  figures — bearing  against  the  sur- 
ice  of  the  breech-bolt  lever  holds  it  in  place. 

The  hammer  is  cocked  by  the  end  of  the  firing-pin  when  the  breech- 
olt  lever  is  thrown  forward. 

The  piece  is  fired  by  a  center  lock  of  the  usual  pattern.  A  safety  de- 
iw  or  sear  prevents  the  pulling  of  the  trigger  when  the  piece  is  un- 
R-ked.  When  the  breech-bolt  lever  is  closed,  it  strikes  the  pin  K  pro- 
"cting  fiom  the  under  side  of  the  sear,  and  removes  it  from  the  safety 
osition.  Sheila  are  gected  by  the  carrier,  which,  rising  as  they  are 
eing  withdrawn,  strikes  them  at  a  distance  of  about  one-third  their 
■ngth  from  the  rear,  and  rotates  them  about  the  extractor,  throwing 
lem  clear  of  the  gun. 

The  magazine  is  in  the  tip-stock.  It  is  loaded  through  a  gate  in  the 
tie  cover  of  the  receiver,  aa  ia  also  the  piece  when  used  as  a  single- 
luler.  The  carrier  is  moved  at  right  auglea  to  the  axis  of  the  harrel  by 
8  lever  G,  Figs.  1  and  2.  This  lever  is  thrown  up  by  the  shoulder  H 
'  tlie  breech-bolt  lever  striking  its  under  surfaee  when  the  latter  is 
irown  open.  The  carrier-lever  is  depressed  In  a  similar  manner  when 
le  breech-bolt  lever  is  closed,  by  the  ^tter  bearing  on  a  shoulder  on  its 
;>per  surface. 

The  spring  J  holds  the  lever  and  carrier  in  either  position.  Figs.  1 
1(1  2.     In  rising,  the  carrier  does  not  completely  uncover  the  mouth  of 
le  magazine;  cartridges  cannot  therefore  escape  below  it. 
Xo  magazine  cut-oJf  is  provided. 

Ah  a  magazine-gun,  3  motions  are  necessary  to  operate  it,  viz :  oi)ened, 
OHtid,  flr^. 
As  a  single-loader,  4  motions  are  necessary,  viz :  opened,  loaded,  closed, 

The  motions  of  opening  and  closing  might  perhaps  be  classed  as  a 
i}j;le  motion,  being  oontinuous,  the  hand  not  being  remove<l  from  the 
rer. 

Tills  gun  carries  9  cartridges  in  the  magazine,  1  in  the  carrier,  and  1 
the  chamber. 

STUOPSIS  OP  XBSTS. 
JuNB  18,  1878. 

The  safety  test  was  complied  with  by  Mr.  Sweeny,  representing  the 
n.      Time,  6  seconds. 

I. — Rapidity  tDith  aecuraey. 

As  a  magazine-gun  35  shota  were  fired,  of  which  22  struck  the  target 
ght  cartridges  remained  In  the  magazine.  As  a  single-loader  30  shots 
re  fired,  of  which  21  struck  the  target. 
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n. — Rapidity  at  wilt 

Aa  a  magazme-gon  28  ebota  were  flred.  Tvo  cartridges  remdned  in 
tbe  magazine. 

As  a  mugle-loader  23  shots  were  flied.  One  cartridge  remained  in  the 
chamber. 

m. — Enduraruie. 

Gun  worked  well  throughout  test.    Extractor  fkiled  to  draw  one  shell 

IV. — Defect  ire  cartridges. 

Decided  escape  of  gas  at  first  and  second  ronnds;  no  escape  at  third 
round. 

Y.—I>u»t 

Gun  worked  satisliactorilf  throughout  test. 

YL—Riut. 

Gun  worked  well  throughout  test 

TJX — Excessive  charges. 

At  first  and  third  rounds  extractor  Hailed  to  draw  shells  till  wenti 
trial. 
Otherwise  gun  worked  satiafiactorily. 

8UPPLEMESTABT  TESTS. 

Septkuber  4,  1678. 

Iklean  time  of  firing  20  rounds  by  3  enlisted  men  of  the  armory  detarii 
roeut,  loiuliiig  from  the  cartridge-box,  with  the  exception  of  one  magaiisit 
tiH  pi¥viou8ly  loaded,  1  mmute  58  uccouds.  Of  the  60  cartridges  &ivi 
48  hit  the  target,  6'  by  tli',  100  yards  <U»tunce ;  2S  hit  the  figure  of  a  nuut 
at  center  of  ttie  target;  the  others  were  grouped  well  around  it. 

Sei>te3ibeii  5, 1978. 

I.— Diwf. 

Considerable  escape  of  gns  at  firing  of  defective  cartridges.  Gns 
workwl  well  after  first  dusting,  except  that  extractor  failed  to  draw  i 
shells  on  first  trial.  After  second  iln^tiug  the  mechanism  waa  coniiider- 
ably  fouled  and  its  operarion  cliecked.  After  few  minutes  was  i>ut  in 
sufficient  order  to  fire.    Extractor  failed  to  draw  one  shell 

September  21,  1978. 

II.— filMt. 

G«n  was  so  badly  rusted  that  it  could  not  be  operated.  After  itt- 
tempts  at  getting  it  in  working  order  had  been  abandoned  it  was  oiled 
and  laid  aside. 
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Bantesfl  MavazlnC'Clnii,  Mo.  99. 

Tbis  fTuii  belongs  to  that  system  in  n-hich  a  fixed  cliamber  is  closed  by 
it  bolt,  sliding  iu  line  witb  the  axis  of  tbe  barrel,  and  operated  by  a  lever 
from  below. 

Tlie  bolt,  Fig.  3,  Plate  XI,  is  a  single  piece,  tlie  rear  of  which  serves 
its  a  gtude  to  its  motion  by  sliding  in  grooves  on  the  inner  surface  of  the 
receiver.  Tlie  bolt  is  locked  by  the  iuteri>OBition  of  the  [lortion  A,  Fig, 
8,  of  the  breech-bolt  lever,  between  its  head  and  the  rear  of  the  receiver. 
The  bolt-heatt  and  lever  are  pivoted  at  B.  The  flringpia,  which  is  in 
this  portion  of  the  lever,  passes  through  the  pivot  B  and  jtreveiitH  it 
moving  either  way.  The  fiiing-pin  is  retaiue4l  m  the  lever  by  the  screw 
C.  Tlie  ejector  D,  Figs.  2  and  5,  lies  in  a  groove  across  the  front  of  the 
iKtlt,  just  I»elow  the  flniig-piit  hole ;  its  rear  t«niiiii&teH  in  a  split  spring, 
which,  by  friction  against  the  side  of  art  undercut  groove  in  the  side  of 
the  bolt,  retains  it  iu  position. 

The  ejector  is  driven  forwanl  against  the  under  side  of  the  head  of  tbe 
cartridge,  when  the  lever  is  thrown  oiieu  by  its  rear  strikiitg  against  a 
xhonlder  on  the  inner  rear  surface  of  the  receiver.  The  bottom  oiieniug 
ill  the  receiver  is  closed  by  a  plate,  E,  called  tbe  lever-guide ;  its  rear  is 
tenninated  by  a  piece,  F,  the  tenon  of  which  enters  a  corresponding 
mortise  in  the  plate.  An  elongatetil  hole  in  the  tenon,  through  which 
])iisses  the  pin  connecting  the  pieces,  permits  motion  of  the  smaller  jtart 
to  and  from  the  ]ilate.  A  spiral  spring  is  comprised  between  the  two 
pieces.  Tlie  motion  of  the  lever  in  o]>ening  and  closing  is  a  sliding  one, 
the  lever  bearing  against  the  end  of  the  part  F,  which  serveA  as  a  fid- 
cmm.  The  carrier  tl.  Figs.  1  and  6,  is  pivoted  on  two  short  screws 
through  the  sides  of  the  receiver.  It  is  operated  by  a  hooked  projection, 
n,  Figs.  1  and  5,  on  the  bolt-head,  which,  sliiling  under  it,  su])]>orts  it 
until  the  forward  motion  of  the  lever  is  nearly  completed,  when,  by 
striking  against  the  surfaces  I,  the  carrier  is  rotated  about  the  pivot- 
sci-ews,  it«  front  descending  opimsite  the  month  of  the  magazine,  which 
is  in  the  tip-stock.  When  the  lever  is  closed,  the  projecting  hook,  pass- 
hig  out  of  the  recess  I,  slides  under  the  carrier,  raising  it  to  a  position 
Itarallel  to  the  axis  of  the  barrel,  when  its  upward  motion  is  limited  by 
pins  projecting  from  the  inner  surfaces  of  the  receiver.  The  hammer  is 
cocked  by  the  backward  motion  of  tbe  bolt  when  the  lever  is  thrown  for- 
ward. The  piece  is  fired  by  a  center-lock  of  the  tisnal  pattern.  Tlie 
magazine  is  loaded  through  a  side  cover  in  the  receiver.  So  wiping-rtHl 
is  jirovided,  and  there  is  no  ciit-ofF  to  tlie  magazine. 

As  a  magazine-gun,  3  motions  are  necessarj'  to  o]>erate  it,  viz:  openetl, 
cIose<I,  flreil. 

As  a  suigle-Ioader,  4  motions  are  necessarv,  \t7.  :  ojiened,  lon^le'l,  ciosetl, 
fired. 

This  gun  carries  10  ciU'tritlges  in  the  magazine  and  1  in  the  chamlH-r. 

STiT«OPSlS  OF  TESTS. 
AVGVST  15,  1878. 
The  safety-test  was  eompIie<l  with  by  Mr.  F.  Tiesing.    One  cjirtridge 
was  thrown  out  unfired.    Time,  14  seconds. 

I. — Itapidity  vilk  aentracy. 
As  a  magazine  gun,  2(»  shots  were  fired,  of  which  Ifi  struck  the  target; 
7  cartridges  remained  in  the  magazine.     The  breecb-Iiolt  wa«  twice 
wedged  by  two  or  more  cartridge*  escaping  from  the  magazine  at  once; 
3  cartridges  were  thrown  out  unfire<1. 
Tlie  gun  was  then  withdrawn. 
32  OED 
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Diflertj  from  Xo,  22  in  the  addition  of  the  parts  J,  K,  and  tlie  siirinc 
L,  Fig.  1,  Plate  XI.  The  object  of  apjiljing  these  parts  was  to  prevent 
the  re-deHcent  of  the  carrier  and  the  eoiii4e<pieiit  feeding  of  tva  or  mure 
(.■sirtridges  from  the  magazine,  when  the  lever  was  thrown  forward  with- 
out flrat  having  been  completely  closed.  The  oi)eration  of  these  i»art> 
is  as  follows: 

When  the  lever  is  thrown  open,  the  rear  of  the  carrier  tiurns  the  pie<f 
J  about  its  pivot  M,  depressing  the  i)ie<'e  K,  as  in  Fig,  2.  If  now  tbc 
lever  be  partially  closed,  the  carrier  will  rise  and  the  spring  L  rotate  tbr 
piece  J  beliiiid  it.  The  carrier  cniuiot  descend  again  until  the  lever  La^ 
been  closeil,  when  the  shoulder  S,  Fig.  8,  forces  up  the  part  K,  whitli  in 
turn  rotates  the  j)ie«'e  J  to  the  jKwition  shovra  in  Fig.  I,  when  the  car 
rier  is  free  to  operate. 

SYNOPSIS  OF  TESTS. 

AidtST  31,  Ii?rS. 

The  safety-test  was  4:oniphed  with  by  Mr.  F.  TiesiiiR,  ajient  of  ilw 
Whitney  Arms  t'ompany.  One  cartridge  was  thrown  out  iiiitircd.  Tiw. 
11  setvnds. 

I. — Rapitlitg  iritk  accuracy. 

As  a  magazine -gun,  31  shots  were  tire<l,  of  which  18stntck  thetai^t: 
a  cartridges  reniaine<l  in  the  uiagazuie. 

As  a  single-loader,  27  shots  wen-,  tireil,  of  which  22  struck  thetarpfi: 
1  cartridge  was  thrown  ont  untlre<t. 

IL—Rapiility  at  icill. 

As  a  magazine-giui,  Itt  shots  were  flre<l ;  1  cartridge  was  thrown  i>ni 
uutired;  1  cartridge  missed  tire,  due  to  the  lever  not  being  lldly  clixml: 
&  CArtridges  remained  in  the  magazine. 

As  a  single- loader,  18  shots  were  tired ;  1  cartridge  remained  in  tk 
chamber. 

Ill . — Endurance. 

One  hundred  and  two  shots  were  fired,  when  the  bottom  lever-gnide 
was  toiiiid  broken  off.    Examination  showetl  defect  in  the  material. 

Skptkmber  2,  lifJi. 

The  gun  having  been  put  in  order  by  the  substitution  of  a  new  tevct- 
guide,  the  endurance-test  was  resumed. 

Ill . — Endu  ranee. 

At  tlie  end  of  350  rounds  the  ejector  was  so  fouled  tliat  the  oiagazinF' 
spring,  acting  through  the  medium  of  the  cartridge  issuuig  from  tht 
magazuie,  could  not  return  the  eiector  to  its  seat;  the  result  was  that 
the  cartridge  being  partly  out  of  the  magazine  prevented  the  carrier 
fh>m  rising,  and,  consequently,  the  closing  of  the  lever.  The  Board  per- 
mitted Ml-.  Tiesing  to  take  the  gun  apart  and  oil  the  ejector.  The  firing 
was  tlien  resumed.  During  the  next  lOU  rounds  the  extractor  failed  tu 
draw  7  sliells.  Mr.  Tiesing  was  then  i>ermitted  to  remove  the  extriw'tiir 
to  ascerttiin  the  cause.  After  retiiming  it  tlie  firing  was  again  resumed- 
During  the  last  50  rounds  3  shells  failwl  to  extract. 
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IV. — De/ectire  cartridges. 
Slight  esrajK^  of  gas  at  flr.st  anil  second  rounds;  none  at  tliinl. 
v.— That. 

After  the  fli-st  dusting,  9  shells  of  the  20  cartridges  fired  failed  to  ex- 
tiact.    Moat  of  them  extracted  on  se«)nd  trial. 

After  second  dnsting,  13  shells  failed  to  extract.  The  iniyority  of  them 
had  to  l»e  driven  o«t  with  a  ramrod. 

Yl.— Rust. 

I/ever  could  not  be  closed  when  last  cartridge  was  fed  (rt)ui  magazine, 
owing  to  the  fmut  of  the  cairier  not  ruuiuiing  back  the  cartridge-fol- 
lower wliicli  proje«ted  over  it. 

Dtherwiwe,  gini  worked  fairly. 

VII. — Excemce  vhargea. 
Cover,  or  upper  breech-bolt  guide,  blew  off  at  last  round,  disabling  giiu. 

SEPTF.Mni^R   14,    ItfTS, 

A  new  cover,  vente<I  to  jjermit  free  escai)G  of  gas,  ha^■ing  Ikhjii  \*vo- 
\ideii,  the  ae\eutli  test  wa.s  rei)cated. 

VII. — Exe&tsive  chargeit. 

Clin  worke<l  well  except  that  after  last  round  it  was  oik'Uc<1  with  con- 
siilerable  <lifilculty. 

Sri'PLEMESTARY   TESTS. 


l.—Dmt. 

Considerable  escaj*  of  gas  at  firing  of  defective  cartridges.  Some 
little  difficulty  was  exi>erieiieed  in  feeding  cartiidges  from  the  magazine 
after  first  dusting,  owing  to  sticking  of  the  eartridge-tbllower.  This 
Htickiug  was  increased  after  second  dusting ;  the  gun  had  to  be  held 
nearly  vertically  in  order  that  the  cartridges  might  feed  out  through  the 
influence  of  gravity. 

Guu  worketl  rather  stiffly. 

September  81,  10re. 
n.— Ems*. 

Lever  had  to  be  pried  ojwn  with  heavy  screw-«lriver.  Gun  workeil 
witli  difficulty  imtil  the  \\ATts  had  been  loosened  by  treqneut  working. 
At  tirst  heavy  charge  the  top  cover  or  bolt-guide  blew  ui»j  biinliug  and 
wedging  the  piece  so  aH  to  render  it  miserviccable. 

Xo  oil  wa«  used  during  the  test. 
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Tiesinv  nnvazlHe-Onn,  No.  91. 

This  f;mi  l>(>loitj:^  to  thnt  R.vntem  in  which  a  fixed  vliambeT  is  t\am\ 
liy  a  Ixilt  rtlidiiig  in  line  with  the  axis  of  the  barrel  aud  onerat«l  by  a 
lever  trom  below. 

The  breech-bolt  A,  Fig.  1,  Plate  XII,  is  a  single  pie<*,  to  which  links 
B  are  hinged  at  either  side.  These  links  are  iu  tiini  coiuiected  by  a 
kniichle-Joiiit,  with  others,  C,  hiiigMl  to  the  receiver.  These  links  siii>- 
jMirt  tlie  bolt  when  closed,  as  in  Ariiig.  Tlie  axes  of  the  pivots  abunt 
which  the  links  rotate  r)«  in  line  with  the  axis  of  the  Ixn-e.  The  cim 
RtniL'tinn  is  snch  that  no  strain  comes  on  the  jjivotn.  The  iipper  rw 
ends  of  the  forward  links  lock  in  the  receiver,  Bi\in(i  wlditioniU  wiiijiml 
to  the  Itolt.  A  pniove  on  the  iinier  Riu-face  of  each  rear  link  re«*iit* 
the  end  of  a  pin  in  tlie  breccli-bolt  lever ;  motion  of  the  lever  is  con* 
tjnently  accompanied  by  a  coiTesiionding  motion  of  the  links  and,  throii^ 
them,  of  the  bolt. 

The  hainnier  is  cocked  by  the  end  of  the  flring-piii  when  tbe  lever  b 
thrown  o]>en. 

The  piet*  is  flred  by  a  c*nter-lock  of  the  nsnnl  pattern.  The  maj* 
zine,  which  is  in  the  tii>-sto(!k,  i»  loaded  through  a  gate,  in  tlie  aide  n>m 
of  tbe  receiver.  The  carrier,  I>,  Fig.  1,  is  pivoted  at  the  rear  of  lie 
ree«'iver.  The  iipiH-r  end  of  the  breech-imlt  lever  is  slotted  sh  in  Fif.^ 
This  slot  receives  the  rear  iHirtion  of  the  carrier.  When  the  lem  s 
thrown  o]>en  the  Imttom  of  the  slot  strikes  the  arm  C,  and  rotati^  Ih 
carrier  about  its  hinge,  bringing  it^  front  opposite  the  mouth  oflbr 
nmgazine.  The  reverse  motion  of  the  lever  raises  the  carrier  until  its 
iipiH'r  siirfac<>  is  panillel  to  the  axis  of  the  bore. 

No  wiping-rod  is  i>rovide<l  with  tliis  gnn,  and  there  is  do  magaiiM 
cut-off. 

As  a  magazine-giui,  3  motions  are  nec«88arj'  to  operate  it,  viz :  opeitd. 
closed,  fired. 

As  a  single-loader,  4  motions  are  uecessarj-,  viz:  opened,  loaW, 
dosed,  fired. 

This  giui  carries  9  cartridges  in  the  magazine  and  1  in  the  chamlw. 

SYNOPSIS  OP  TESTS. 


Tlie  safety-test  was  compliexl  with  by  Mr.  F.  AV.  Tiesing.  One  at- 
tridgc  was  thrown  out  unflred.    Time,  9  seconds. 

I. — Rapidity  irtth  accuracy. 

During  this  test,  3  cartridges  escaped  from  the  magazine  and  veAjiA 
over  the  carrier,  in  the  receiver,  in  snch  a  manner  as  to  stop  the  optfl- 
tion  of  the  breech-bolt. 

In  a  second  trial,  21  cartridges  were  fired,  of  which  11  struck  the  Br- 
get;  7  cartri»lges  remaineil  in  the  magazine.  The  same  diffitolty 
occurred  as  in  the  first  trial. 

The  exhibitor  then  withdi'ew  the  gun. 
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UREECH-LOADINf!  SMALL-AHMS  HAVING  A  FIXED  CHAMBER  CLOSED  IIY  A 
MOVABLE  HRKKCH-BLOCK,  BLIUINU  AND  ROTATING.  AND  MOVED  ItV  A 
LEVER  FROM  ItELOW. 

i'HAFFEE.      BUFPISGTON. 


CbaDee  Rlavitzliie-CtHn,  N«.  96. 

Tills  }run  WloiiKM  t(>  that  HyHteiii  iu  wliitili  a  flxe<1  eliaiiiber  in  i-l(»<etl  by 
n  movable  bnwHili-block,  sUdiiif;  and  rotatiii};,  and  oi>vrat(Hl  by  a  h-vt-r 
rVuin  beloH-.  On  tlie  inner  suifa*;e  of  tlic  i-wf  ivpr  are  two  virCuUr  giiideR, 
A,  Fi(r.  1,  Plate  XIII,  which  enter  fpwoves  U,  Fip.  4,  in  the  bre<M'li-bl(M-k 
and  ovpr  wliicli  tlie  breed i-bl<K'k  Hlidcs.  The  block  is  a  ttingle  piece  hol- 
1ow(hI  out  to  n*eei\'e  the  hammer  i'  and  the  main-Hiiiing  D. 

At  the  ft-ont  of  the  bltx^k  i»  tlie  flriu;r-l>iH  Ki  limited  in  its  motion  by 
the  m-rew  F.  The  bretH-li-blwk  is  ojiemted  by  tlie  lever  (1,  The  fivnit 
of  the  lever  i«  hinted  to  the  frant  of  the  hireeli-blo<'k ;  its  middle  is 
liiiif;ed  to  two  amis  which  are  in  tmu  1iiuge«l  to  the  sides  of  the  j-eceixer. 
The  liaiuniei'  is  cot^ked  when  the  bi-eecli-bhH'k  le\'er  is  thmwn  oi>en  by  the 
))ii^HSiire  of  the  lever  InHik  H  on  the  fiu-c  of  the  hnuimer,  whi<-h  forres 
the  latter  buck  until  the  nose  of  the  sear — which  is  a  iiart  of  the  trigger — 
enters  the  notch  I.  llevei-ae  motion  of  the  lever  closes  the  block  which 
is  liN^keil  by  the  [niijection  .1,  on  the  lever,  entering  the  re<ress  K,  Fig.  2, 
in  the  hhx^k  and  in  the  sides  of  the  rweiver. 

The  extractiir  L,  Figs.  2,  3,  and  IJ,  is  not  rigidly  conne<rted  with  the 
breech -l)hH^k,  but  has  a  longitudinal  motion  along  its  side.  It  (Uics  not 
iH'gin  to  di-uw  the  shell  until  the  bi'eecli-bliH'k  has  movetl  to  the  rear 
■  leariy  an  in^^h,  when  a  shoulder  on  the  extrat^tor  strikes  a  coiTcstionding 
one  on  the  block,  after  which  iMith  move  together.  Tlie  objet^t  of  the  ex- 
tractt»r  pntjecting  so  far  in  fi-ont  of  the  block  is  to  siipixn't  the  cartridges 
iis  they  lea\'e  the  magiizine  on  their  way  to  the  chamber.  A  shoidder, 
H,  on  the  Inittom  of  the  c-arrier  serves  as  an  ejector.  Its  et)e4-t  is  to  rotate 
the  empty  shells  tlirungh  ^he  ojH'iiing  in  the  tH>ttom  of  the  I'eceiver,  to 
the  groiuul.  The  nmgiiziiie  is  in  the  butt-stoi>k.  At  the  bottom  of  the 
tube  an;  two  ratchet  bars,  one  sliding,  the  other  Hxed.  Hibs  on  the  sides 
of  the  bars  enter  gr(K>ves  iu  the  sides  of  the  tube  as  in  Fig.  7.  Sitriiigs 
on  the  under  side  of  the  bars  hold  them  np  against  the  cartridges.  Tlie 
sliding  Itar  is  ojieiuted  when  the  lever  is  o]>eneil  aiul  (^IohhI  by  pins  M 
and  N,  on  the  iuner  sulfate  of  the  bi-eech-bltH-k,  striking  against  the  hook 
<)  ou  the  fnmt  of  the  bar.  The  openition  of  feeding  the  cartridges  to 
the  <-bamber  is  aa  follows : 

The  magazine  having  t>eeii  loadeil  tlinmgh  the  butt-plate,  the  lever  is 
thrown  ojten  and  each  tooth  of  the  sliding  Imr  passes  behind  the  lu-ad 
of  the  (^itridges  next  in  rear  of  it.  Tlie  closing  of  the  lever  mo^'es  the 
ratchet  forwaiil,  bringing  eac;h  cai-tridge  its  own  length  farther  to  the 
front.  The  function  of  tlie  tlxeil  ratchet  is  simply  to  prevent  the  »'art- 
ridges  sliding  backwanl  after  they  have  been  carried  forward  by  the 
movable  bar.  The  currier  P,  Figs.  1  and  2,  <doses  the  oi>eniiig  iu  the  top 
of  the  re4;eiver.  It  receives  anil  guides  the  cartridge  t^inu  the  uiaga/.ine 
to  the  i;liaml>er.  The  shai>e  of  the  inner  suri'ace  of  the  carrier  at  its 
front  is  siiuh  that  tlie  jxiint  of  the  cartiidge  as  it  leaves  it,  is  o]>|H)site 
tht^  center  of  the  chamtier.  The  exti-actor  moving  tbrwanl  with  the 
breech -blwk,  Slip) >orts  the  rear  of  the  cariridge  as  in  Fig.  2.  The  in- 
clined rear  siiiface  of  the  carrier  prevents  the  ivar  of  the  cartridge  fiiuii 
rising  while  ou  its  way  to  the  chamber.     When  the  le\cr  is  thrown  0|H'1i 
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a  nymttf!;,  Q,  at  tlie  front  of  the  carrior,  causes  itn  rear  to  desceud  oititofile 
tlie  uioiitli  of  the  magaziuc.  In  this  position  it  sei'ves  as  a  cartridgc- 
etop,  preventing  the  escape  of  other  cartridges. 

Tliere  is  no  cnt-off  to  the  magazine,  nor  can  tliere  lie,  eacli  motinii 
of  the  lever  being  aeconipanied  vith  a  corresponding  motion  of  tin- 
rachet. 

Ah  a  single-loailer,  the  piece  is  loa^led  through  t)ie  carrier,  the  rear  at 
Avhich  is  oi>ene(l  by  depretwitig  the  front ;  this  should  l>edone  before iLr 
lever  is  o|)eni>(l. 

Tlie  tiiggcr  is  hn-kMl  by  a  BCt -screw  wlieii  the  piece  is  carried  at  full 
coi'k. 

As  a  inagazine-gim,  ."1  motions  art^  necessary  to  oi>enite,  viz :  oiwnnL 
closed,  firwl. 

Asa singlc-lOiMlcr,  -1  motions arenecessaiT, liz :  loaded,  ojwned, ilttnL 
flre<l. 

Ttiis  giin  caiTies  (i  i-artri(lg4>s  in  the  magazine,  1  in  the  carrier,  anil  I 
in  the  cbanilier. 

S^'SOI'SIS  OF   TESTS. 
^KPTKMIIRIt    14,    IrffH. 

Tlie  Rafetj-test  was  ctoniplieil  with  by  Mr.  It,  S.  Cliaffw.  Time.l'i 
seconds. 

Four  eartridtres  were  thrown  out  nnfired ;  one  i)f  them  showed  *ri 
deuce  of  having  ln-eu  stniek  by  the  flring-pin. 

This  test  was  repeatinl,  the  time  l>eiug  33  seconds. 

>Ir.  Chaifcethcn  witliclitw  the  gun  in  onler  to  jK-rtect  its  metharil>iii. 


BnaiDBton  fllasazine-GiiD.  No.  7< 

Tliis  gnn  IH-Iongs  to  that  system  in  wliii'h  a  fixed  cbandR-r  is  eloswl 
by  a  movable  bivecb-blot-k,  sliding  and  nttating,  and  opei-at*MlbyaleiTr 
from  Ik'Iow. 

Tlie  receiver,  Fig.  1,  Plate  XIV,  to  which  the  barrel  is  attached  iutlii' 
nsiial  way,  has  a  vertical  slot  entirely  through  it  for  the  reception  of  t!ie 
breech-block,  and  two  grooves,  A  A,  at  right  angles  to  ea^ib  other,  on 
tlie  inner  siiritu'e  of  ea<;h  side.  In  these  grooves,  tlic  flattened  endsof 
jMvots  jiassing  thiimgh  the  breech-block  at  II  and  0,  Fig.  3,  slide.  TV 
various  jioints  of  the  bi-eech-block,  not  in  the  axes  of  the  pivot*.  thu< 
<lescrit>e  ares  of  ellipws  when  the  block  is  opene«l  or  closed.  The  l*"t 
is  hoUoweil  out  to  l'et;ei^'e  the  lianimer,  mainspring,  &c.  Tlte  hamiwr. 
Figs.  4,  5,  and  6,  is  slotted  to  I'eeeive  one  branch  of  the  mainsprin;: 
wliicli  abuts  agiiinst  a  pin,  I),  Fig.  1.  Tlie  other  bniucli  bears  again< 
a  similar  ]iiii  tliniugb  the  brccdi-block.  The  piece  is  locked  by  ]ap- 
projecting  from  piwiw  screwwl  to  the  sides  of  the  receiver,  partly  afniss 
its  toji  and  entering  the  gnntvps  E,  Fig.  fi,  on  the  hammer,  as  seen  in 
Fig.  10,  Tlic  firing-pin  is  n-tnicfed,  when  the  bh>ck  is  unlocked  ortlii' 
linmiiter  cocked,  by  the  slot  F,  Fig.  5,  which  receives  the  head  of  theiiin. 
as  in  Fig.  7. 

Tlie  extractor  Cr,  Fig.  ],  is  a  lient  sjiriitg  hook  secured  at  its  rwirtii 
the  bn-eeh-block  by  a  iiiu  and  Buj>]K)rt^cd  at  its  front  by  the  pivot  r. 
In  oi-der  to  ojwn  the  block,  it  is  necessjiry  to  draw  back  the  hammer  to 
a  ]mint  a  little  beyond  the  full  cwk,  and  then  control  the  motion  tiy  tlie 
lever  11.    Should  the  bainnicr  Ix'  let  domi  while  the  block  is  ojien,  it  is 
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(•(>ok«'tl  ill  the  a«t  of  closing  by  the  edges  of  the  Borface  I,  Fig.  4,  strik- 
ing on  projections  on  the  inuer  rear  surface  of  the  receiver, 

Tlie  magazine  is  in  the  tip-stock.  It  is  provided  with  two  cartridge 
Ht«»p-8pringfi,  J  and  K,  Fig.  7.  The  carrier,  Figs.  8  and  9,  is  tna^le  of 
Hheet  steel  bronght  to  a  spring  temper.  It  is  seciired  to  the  bteech- 
l>lock  by  the  pivot  (',  Pig.  1 ;  it  is  tlirown  up  by  tlie  point  L,  Fig.  3, 
striking  under  the  iK>int  M,  Fig.  R,  as  in  Fig.  7.  When  the  brecdi- 
Idock  is  cloned  the  carrier-block  descends,  its  K])ring,  SI,  keeping  it  in 
contact  with  the  breechblock,  bears  down  on  tlie  stoii-spring  .1,  and 
sli4les  under  the  end  of  the  magazine-tube.  As  it  iiasses  nixler  the  tiibe 
the  inclined  planes  N,  Fig.  t),  raise  the  ends  of  a  cross-itiece  riveted  to 
the  stop-spring  K,  when  a  cartridge  in  fimsed  by  the  magazine-spring 
into  the  carrier. 

A  cut-off  enables  the  piece  to  l>e  used  as  a  single-Ioatler. 

As  a  magazine-gun,  3  motions  are  necessary  to  oiierate,  viz :  opened, 
closed,  flreil. 

As  a  single-loader,  4  motions  are  nwreMsarv,  viz :  o]>eneil,  loa4le«l,  closed, 
iiml. 

Tills  giui  carries  6  cartridges  in  the  magazine  and  1  in  the  cliamber. 

synopsis  of  tksth. 
April  22,  1878. 

All  attempt  to  conijily  witli  the  sjifety-test  was  made  by  Major  Buf" 
lington.  Owing  to  the  sticking  of  cartndges  in  tlie  mouth  of  the  maga' 
ziiie — which  wsw  coiitractetl  to  jn'event  the  escape  of  the  cartridge-fol" 
lower — only  3  shots  were  flrvd.  In  onier  to  start  the  cartridges  the  butt 
of  the  gnu  was  struck  on  the  ground.  The  resulting  shock  broke  off  the 
iiingazhie  stop-spring,  bringing  the  test  to  an  end.  Tlie  gun  was  then 
witlidrawn  for  alteration. 


Buflnsion  na^razlne-Gnu,  No.  lO, 

Differs  from  No,  7  in  having  a  slot  in  the  niagaziiie-tnbe  and  a  small 
s<Tew  in  the  cartri<ige-follower  at  right  angles  to  its  axis,  wbicli,  enter- 
ing the  slot,  gui<les  the  follower  and  p^e^■ents  its  escai>e  from  tlie  tube. 
April  23,  1878. 

Safety -test  wjis  complied  with  by  Major  Buffiiigtoti.  One  cartridge 
fell  to  the  ground  unfii'ed ;  cause  unknown.    Time,  37  seconds. 

I. — Rapidity  iritk  aceitracff. 

As  a  magazine-gun,  20  shots  were  fireil ;  1!)  stniek  the  target. 

As  a  single-loailer,  24  shots  were  flred ;  21  stnick  the  target.  In  load- 
ing, one  cartridge  jmssed  below  the  chamlier  partly  in  the  magazine. 
A  niistire  resulted.  On  opening  the  block,  the  cartridge  fe<l  up  and 
was  tired. 

II. — Rapiditf/  at  tcill. 

As  a  magazine-gun,  14,  and  as  a  single-loader,  1.1,  shots  were  flred. 

Ill . — J-Jn  Hiirance. 

Four  hiindi'ed  shots  were  fired.  One  cartridge  missed  fire  on  two 
blows ;  flred  on  flint  blow  in  Sjiringfield  rifle.  Two  cartridges  in  some 
manner  were  fenced  fi-om  the  magazine-tube  under  the  carrier,  8toi>piiig 
the  flritig  nntil  they  could  he  removed.  , 
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April  S4,  1876. 

Ill . — Endura  nee. 

LaHt  100  rounds  were  fired.  Breech-syKtem  worked  stiffly.  Threrw 
tridges  fell  out  over  top  of  block  while  ejecting  shells.  One  caitriiir 
missed  Are,  but  ex]>lo<led  on  ttecond  blow.  One  ctutridge  miiwed  b> 
tiince,  but  exploded  ou  first  blow  in  Springfield  ride. 

IV. — Defect  ice  caftridgea. 

Firxtfire. — Deeideil  escai>e  of  gas;  paper  torn.  Second  firc—yinU 
ate  e8ca])e  of  gns;  i>aiier  soiled.     Third  fire. — No  eseai»e  of  gas. 


Breech-block  ojiened  and  closed  with  great  difficulty,  CAnsinpn  '■ 
delay.  One  misfire.  One  cartridge  fell  out  nnflred,  aiitl  the  fii[p 
shell,  which  was  being  ejected  at  the  time,  was  returned  to  the  chiaiV' 

APKIL  26,  lOTfl. 

yi.—Rmt 

The  cartridge-follower  was  solidly  mated  in  the  magazine:  ii  »> 
loosened  by  (Uiving  on  it  with  the  ramrotL  The  magazine-sprinj:  •> 
not  operat«;  cartridges  were  fed  from  the  magaziue,  tlirougb  theihc 
ence  of  gravity,  by  holding  tlie  gun  vertically,  muzzle  up.  Tlie  1<n«» 
system  worked  xtith  great  difiicidty;  was  o]>eued  with  the  aidof  as^« 

VII, — Exceasire  charges. 

Gun  worked  with  greatest  (Jifficulty.  Extractor  was  found  hnv' 
after  last  fire.  The  gnu  was  then  i-Ieaued  and  set  aside  for  fnrtbtt  • 
tion  of  the  Board. 

Withdrawn. 


HREECH-rXtAniNO  SMALL-ARMS  HAVING  A  FIXED  CHAMBKB  CLOSEPii 

movable  ureech-block,  which  rotates  aboitt  a  horizontal  ii:- 
at  90o  to  the  axis  ov  the  barrel,  lying  above  the  axis  l>f  r^ 
barrel  and  in  eront. 

Springfield-Millee. 

sprinoptbld-clemmons. 


.filler  niasHzluo-Clpn,  No.  IS. 

Tliis  giin  is  an  adaptation  of  a  magazine  to  the  Uiut€<!  States  .-ii-r-*- 
Springfield  rifle. 

Tlie  bi-ccch-system  is  too  well  known  to  need  description. 

Tlie  alterations  are  as  follows: 

The  origimd  receiver  and  breech-pin  are  replaced  by  a  receiver  al-  f 
the  tang  being  soUd  with  it.    The  upi»er  rear  part  of  the  reoeivtr  ^'•■- 
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the  bearing  for  the  cam,  while  the  space  ordinarily  filled  by  the  breech- 
pin  is  utilized  as  a  chaimel  through  which  the  cartridges  are  fed  Ironi 
the  magazine  in  the  butt-stock.  The  ejeetor-stiid  is  replaced  by  one 
beveled  ou  its  rear  as  well  afi  its  &ont,  in  order  that  the  cartridges  may 
slip  eusily  over  it  into  the  cliamber.  The  magazine,  Fig.  1,  Plate  XV,  is 
a  tube  slotted  through  its  whole  length.  To  the  ui>per  side  of  the  tube 
llat  springs.  A,  are  screwed.  At  the  end  of  each  spring  and  riveted  to 
it  is  a  Ing,  B,  beveled  on  its  rear  surtiice;  these  lugs  pass  through  holes 
cut  in  the  magazine  and  serve  to  separate  the  cartridges. 

A  ratchet,  V,  Figs.  1  and  2,  works  in  the  slot  in  the  magazine-tube. 
It  is  operated  by  the  slide  D.  attached  to  the  giiard-plate,  "When  the 
slide  is  drawn  back  the  teetti  of  the  ratchet  itass  in  rear  of  the  heads 
of  the  cartridges.  On  being  returned  to  position  each  tooth  moves  a 
cartridge  forward,  the  lugs  on  the  springs  A  being  pressed  out  of  the 
way  by  the  cartridges  themselves. 

At  the  front  of  the  ratchet  is  a  cartiidge-stop,  E,  held  up  by  the  spring 
F.  The  stop  is  prevented  from  rising  too  far  by  the  pin  G.  When  the 
ratchet  is  withdrawn  the  stop-spring  yields — since  the  cartridges  cannot 
move  backward  on  account  of  the  shoulders  of  the  lugs  on  the  springs — 
the  stop  descends  and  is  drawn  under  the  first  cartridge,  which  is  then 
fi-ee  to  leave  the  magazine  and  enter  the  chamber,  gravity  being  the 
motive  force,  the  gun  being  held  muzzle  downward.  When  the  ratchet 
is  moved  forward  the  2d  cartridge  occnpies  the  place  of  the  Ist,  the  3d 
of  the  2d,  and  so  ou.  The  ratchet  is  prevented  from  entering  the  tube 
by  two  pins,  U  and  G,  which  bear  against  the  outer  surface  of  the  tub© 
along  the  edges  of  the  slot.  It  is  held  in  contact  with  the  tube  by  the 
Npring  J.  TliB  spring  is  kept  from  slipping  oif  the  bottom  of  the  ratchet 
by  the  forks  K  and  L.  The  magazine  is  loatled  through  a  gate  in  the 
butt-plate.  A  i>rqjection,  S,  ou  the  breech-block  hooks  over  the  pin  O 
and  i)reventa  motion  of  the  ratchet  when  tlie  piece  is  locked. 

As  a  magazine-guu,  5  motions  are  nece«sar>'  to  operate  it,  viz :  coi-ked, 
opened,  loaded  (by  oi»erating  the  ratchet  by  the  slide),  closed,  fired. 

Tlie  same  nntnber  of  motions  is  necessary  a«  a  single-loader. 

This  gun  carries  G  cartridges  in  the  magazine  and  1  in  the  chantl>er. 
Tlie  last  cartridge  will  not  feed  from  the  magazine,  however,  until  forced 
<lo»'u  by  others  when  the  magazine  is  reloaded. 


The  safety -test  was  complied  with  by  Mr.  R.  T.  Hare.  Time,  1  min- 
ute and  2  secoiulH. 

The  Boanl  directed  that  the  time  of  emjitying  the  magazine  {6  shots) 
Ive  ascertained  in  comparison  with  the  time  of  firing  tlie  same  number 
of  shots  ft-oni  the  gun  an  a  single-lomler. 

Time  in  the  first  instance,  18  seconds;  in  the  swond,  1.1  seconds. 

II. — Rapidity  at  iriU. 

A.I  a  magazinc-gmi,  14  shots  were  fired;  3  cartridges  remained  in  the 
luagaziiie. 
As  a  wngle-loader,  2.3  shots  were  fired. 
Gun  witlidrawu  by  exhibitor. 
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Cle^ia*ai  Macazlne-Clan,  IV*.  94. 

Tliis  giiii  in  an  adaptation  of  a  luae^zine  to  the  Uiiited  States  Spriii;; 
fifltl  ritle.    The  alterations  are  as  follows: 

Tlie  leit  side  of  the  rei'eiver  is  cut  away  nearly  to  the  bottom  of  tin- 
well.  The  portion  removed  in  replaceil  by  a  jtiet-e,  A,  Figs.  2  and  .1. 
Plate  XVI,  the  interior  of  whieli  is  soniewjiat  the  shajie  of  the  lialf  fiir 
tridye.  This  pie<*  is  i>|>en  at  the  rear  in  order  to  reeeive  cartridges  friiui 
the  inii;^zine.  A  };r(M)^'e  i»  eut  in  the  leit  side  of  the  biitt-stock  fnr  the 
inafrazine-tiibe.  Tlie  groove  is  covered  by  a  brass  plate,  B,  Fig.  X 
The  iua(;aKine-Kpring  and  cartridge-follower  are  of  tlie  usual  form.  T<i 
the  ivar  of  the  follower  one  end  of  a  piwe  of  tai»e  is  attaclie«l ;  the  oibct 
end  is  connected  with  an  ordinary-  chK'k-woik  by  whi«Oi  the  tajie  may  Ij; 
wound  ui>,  drawing  tiack  the  follower  and  conipreHsing  the  magazJDe 
spring  as  in  Fig.  1.  On  the  inner  surface  of  the  piece  attached  to  tbr 
receiver,  is  a  split  sprijig,  C,  Fig.  1,  ])ivoted  at  it«  front.  This  sprini: 
Las  a  tbumb-])ieee,  I),  which  may  be  lot'ked  back  as  in  Fig.  2,  bv  t 
ftpring-cateh,  E.  The  split-spring  series  as  a  magazine  <-artridge-.'l«i>. 
Fig. .'!.  Tlie  magazine- spring  having  l>een  compressed  by  winding  ui> 
the  clock-work,  the  magazine  is  fllleil  with  earii'idges  by  backing  tbi^ 
down  from  the  rw-eiver.  Tlie  jiawl  F,  Fig.  1,  is  then  release<l  ftiiin  thi- 
ratchet  (■,  by  moans  of  a  slide  and  the  magazine-spring  bears  on  tlx' 
colninn  of  cartridges.  \Vheii  the  breech-blo*'k  is  clo»e<l  it  strikes  Ibr 
thimdt-piece  I),  presses  it  back  and  lets  in  a  eartiidge  from  the  sapi 
zine,  as  in  Fig.  'J.  By  pressing  on  this  thumb-pie<-e,  the  breech-N>rl 
having  been  o]H'iied,  sufliciently  to  oveix^ime  the  catch  E,  the  carttid^ 
is  thrown  into  the  RH-eiver;  it  must  tlieii  be  jnished  into  the  chamlw in 
tlie  usual  inaiinor. 

As  a  magazine-gnn,  6  motions  ai-e  necessarj'  to  oi>erate  it,  viz:  cttIiiJ- 
n|>eiHHl,  loiMled  ['2  motions),  close^l,  firetl. 

Ah  a  single-loader,  the  usual  5  motions  are  netcssary. 

Tliis  gun  (-arries  ."» (-artridges  in  the  magazine,  1  opiKisite  the  rw*irrr, 
and  I  in  the  chanilier. 

SYNOPSIS  OF  TESTS. 

SKPTKMBKnS,   IflTR 

The  safet^'-test  was  complied  with  by  Mr.  K.  T.  Hare.    Time,  .'»3  swomi^ 
Seven  cartridges,  carried  in  magazine  and  chamber,  were  fired  bv  Mi- 
Clenimons  in  2;{  se<-onds. 
The  gun  was  then  withdrawn. 


CleMimons  illasMzlue-Oun,  No.  SY. 

Differs  ti-oni  Xo.  24,  Plate  XVI,  in  the  following  particulars  ^'nir 
<;lock-work  is  omitted.  A  stop  is  pr«\1ded  to  hold  the  cjirtriilges  apii"' 
the  preBHiire  of  the  magazine-spring  wldle  loatling ;  it  iswovetloutofthi' 
way  after  the  magazine  is  tille<l  by  means  of  a  button  coniiecte<l  will  it. 
Tlie  stop  is  locate<i  near  the  front  of  the  magazine. 

SYNOPSIS  OP  TESTS. 


Tlie  safety -test  was  conipHe<l  witli  by  Mr.  t;.  E.  Bailey.  Time,  45seo)ii'l.'^ 

One  cartridge  was  thrown  out  uiiflred. 

On  rei>eatiiig  tiie  test,  tlie  time  was  i-e<luce<l  to  37  seconds. 

.'.oogic 
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I. — BapUlity  icllh  acennieif. 

An  a  niagaziiie-giiii,  14  Bliots  were  fireil,  of  wlik^li  0  Btriick  the  target. 
Six  cttrtridges  i-emuiiiHl  in  th«  niagiuiiie. 

Ah  a  Hin^le-loatler,  39  sliot^i  were  flnnl,  of  wliicli  9  atrut-k  tlie  target. 
One  tartridge  reniaiiutl  in  the  eliamber. 

n.~Rtifii(Ut!/  at  icill. 

As  a  niagaziiie-giui,  8  cartritlgeH  were  fired,  i  remained  in  the  magazine. 

As  a  single-loader,  24  eaitridgeH  were  fireil. 

The  piece  attaehed  to  tlie  receiver  l>eing  only  of  a  temporary  cliaracter, 
Mr.  C'lemmons  v;as  unwilling  to  submit  the  gnu  to  fiu'tber  test ;  it  van 
iKtt'ordingly  witlulrawn. 


DliKECH-IX>ADING  SMAl-L-ARMS  HAVING  A  FIXKD  CHAMBER  CLOSED  BY 
A  MOVABLE  BKEECH-BIX>CK,  WHICH  ROTATES  ABOIT  A  HORIZONTAL 
AXIS  AT  91)0  TO  THE  AXIS  OF  THE  BARREL,  LYING  BELOW  THE  AXIS  OF 
THE  BARREL  AND  IN  FRONT—MOVED  BY  A  LEVER  FROM  BELOW. 


Lewii-Rlce  RlaBazlne-CliiB,  N».  6> 

Tliifl  gnn  belongs  to  tliat  system  in  whi(;h  a  flxwl  chamber  is  lilosed  by 
91  movable  l)r<Hi-)i -block  i-otating  al)out  a  horizontal  asin  at  right  angles 
to  and  below  the  axis  of  the  Imrrel,  and  in  fi-oiit,  and  in  which  the  luck 
is  f«nc«aled. 

The  breech-block  is  oi>enite<l  by  a  Ie\pr,  A,  and  is  liNikeil  by  a  cam, 
B,  Fig.  1,  Platf  XVII.  The  cant  is  held  in  [Mmition  by  the  Hjiring  V, 
one  bnuich  of  which  serves  as  a  trigger-spring.  Tlie  breei'h-block  is 
simply'  a  box  containing  the  tiidng-pin  1),  a  bell-ci-auk  lever,  E,  one  ann 
of  which  controls  the  motion  of  the  flring-pin,  the  main-spring  F,  trig- 
ger-spring G,  &c.  The  box  is  closed  by  a  cover,  in  a  slot  in  which  in 
situated  the  extractor  H,  Fig.  2.  In  operating  the  lever  A,  so  as  to 
■oi>en  the  block,  the  iwiut  I  bears  against  the  surface  J  of  the  cam, 
I)resse8  it  forward  and  unlocks  the  jiiece. 

l>uring  the  unlocking,  the  lower  arm  of  the  firing-pin  lever  is  so 
moved  by  the  nose  of  the  cockinglcver  a.s  to  canse  the  upjicr  ann  to 
retract  the  firing-pin.  When  the  lever  has  been  rotateil  sufficiently,  the 
trigger-spring  causes  the  nose  of  the  trigger  to  enter  the  fidl-cock  uott^h ; 
at  the  same  time  the  shoulder,  K,  of  the  cam  rides  over  the  i>oiiit  L  of 
the  trigger.    The  piece  cannot  then  Ite  flred  imtil  the  cam  ia  in  its  seat. 

The  extractor  is  a  flat  blade,  turning  on  the  same  axis  as  the  lever  A, 
and  oi>erated  by  the  shoulders  of  the  slot  in  the  cover  of  the  bretnih- 
block,  in  whit^h  it  lies. 

The  magazine  is  in  the  bntt-stock.  It  is  loaded  at  the  side,  near  the 
rear,  by  firat  withdrawing  the  niagazine-tiilte  nearly  its  full  length. 
AVhen  the  breech-block  is  opened,  a  cartridge  is  tbrced  by  the  magazine- 
spring  against  thecartridge-stopM^  Fig.  t!.  As  the  block  is  close<l,  the  stop 
descends,  dne  to  its  ann  X  working  in  a  slot  on  tlie  inner  8Hrfar«  of  the 
receiver,  and  the  cartridge  enters  the  clianilier.  A  fork,  O,  on  the  upijer 
«mface  of  tlie  rei-eiver  prevents  the  cartridge  being  thro\ni  out  when 
the  block  is  closc^l,  and  also  guides  it  into  the  chaiiibcr.    A  cut-off  is 
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xitimted  o>i  the  left  Ride  of  the  receiver.  It  may  be  bo  set  as  to  prevent 
tlie  breevli-bloiilc  opening  far  enoiiglt  to  allow  cartridges  to  feed  &om  the 
magazine.  The  piece  may  tlieii  be  nsed  at*  a  siiigle-toader.  As  a  ma^- 
i^iiie-gun,  3  motions  are  ne<«NHary  to  oi>erate  it,  vix:  opened,  closed,  Hth]. 

As  a  single-loader,  4  motions  are  iie^iesearj',  viz:  oi>eued,  lowletl. 
(■Uiawl,  fired. 

Tills  gnn  carries  5  cartridges  in  the  magazine  and  1  in  the  chamber. 

If  the  breech-block  be  oi»eiictl,  the  six  cartridges  may  be  loade*! 
■<lirectly  in  the  uiagaziiio. 

SYNOPSIS  OP  TKSTS. 


The  safety-test  was  comjilied  with  by  Mr.  H.  A.  Ijewis,  presenting  llw 
gnn.    Time,  29  seconds. 

One  cartridge  vas  thrown  out  unfinMl,  tiie  blow  of  the  firing-i»in  Iwiu; 
insntticient  to  exidode  it. 

I. — Rapidity  ifith  accuracy. 

Xs  a  magazine-gun,  lii  Hhots  were  fired;  14  struck  the  target,  <■«■■ 
tritlges  4hd  not  teed  freely  from  the  magazine,  but  caught  in  the  optr* 
behind  the  breech-block,  preventing  working  of  tlie  gun.  About  <iu^ 
half  the  time  was  couaiuned  in  renlo^'ing  obxtntctions. 

As  a  eingle-loadcr,  25  shots  were  flreti;  23  struck  the  target;  Star 
tiidges,  in  addition,  were  thrown  out  nuflred. 

II. — Kaputity  at  iriU. 

As  a  magazine-gun,  2  cartridges  were  fired;  2  were  thrown  wt 
iinfii'eil;  4  remained  in  the  maguicine.  Tlie  magazine-spring  di<l  n<i< 
fiirce  the  cartridgeH  sufticiently  tar  in  to  be  carried  forward  hj  ike 
breech -blo<tk.    The  blo<^k  Iteoaiue  we<iged,  bringing  the  test  to  a  cltx*. 

The  gnn  was  then  withdi-awn  by  the  exhibitor. 


Lewis-Rice  MiiRrazine-Gttn.  No  14. 

Tilts  gun  iKdongn  to  that  Hystt'in  in  whi4>h  a  flxetl  chaml>er  is  eintwl  ^ 
a  movable  breecli-blot^k,  mtating  almnt  a  horizontal  axis  at  right  so^ 
to  and  below  the  axis  of  the  Imrrel,  and  in  tront,  and  in  whitdi  the  Inrt 
is  eoncealed. 

Tlie  breech-blmik  is  operatetl  by  a  lever,  A,  and  is  lockeil  by  a  iain,Ii, 
Fig.  1,  Plate  XVHI;  the  cam  is  held  hi  {Misitiou  by  its  spring:,  ('-  the 
breech-block  is  a  sort:  of  box  containing  the  hanimer,  iaaiii-s|iriiig.  cam- 
spring,  &c.,  and  to  the  outside  of  wliicli  is  attachnl  the  extractiir.  In 
o|>erating  the  lever  so  as  to  ojieii  the  block,  the  ]>oiiit  I>  bears  agaiiwi 
the  surfa<ie  B  of  the  cam,  and  causes  it  to  move  forward,  unhM^kiiif!  Ilie 
block.  At  the  same  time  the  liamilier  is  forced  htuik  by  the  ymvl  F. 
pivoted  to  the  lever  A,  bearing  against  its  HhoiUder,  G.  The  ahouldrr 
H  of  the  cam,  riding  over  the  jioint  I  of  the  trigger,  presses  it  domi, 
raising  the  other  extremity,  or  sear,  to  the  fnll-cock  noteh  J.  It  is  ini[KiB- 
sible  to  fire  the  jiiece  iiiitil  the  bl(H;k  is  liM-keil,  iHH'ause  the  shouldtr  H 
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«f  tlie  cam  remains  over  tlie  rear  of  Uie  trigger  luitil  tlte  cam  iet  iti  it» 
scat. 

A  safety  device,  K,  turned  in  between  the  lower  portion  of  the  receiver 
mid  the  trigger,  prevents  the  pulling  of  the  latter  when  the  i>iece  Ib  OAr- 
rie<l  C4>cke4l.  'Hie  extractor  is  i>ositive  in  its  action.  It  is  Himpljr  a  flat 
blade  turning  on  the  same  axis  as  the  lever,  and  working  in  a  slot  in  tiie 
cover  of  the  breech-block.  Tlie  magazine  is  in  the  butt-stock.  It  is 
loatled  at  the  side,  near  tlie  rear,  by  first  withdrawing  the  tube  nearly 
its  whole  length.  "Wlien  the  piece  is  opened  a  cartridge  is  forced  by  the 
magazine-spring  into  the  [wsition  sliuwu  in  Fig.  2.  It  is  checked  by  the 
stop  L,  which  descends  by  a  jiositive  motion  an  the  block  is  closed,  due 
to  an  arm  working  in  a  slot  on  the  iiinei-  surfat^e  of  the  receiver.  A  tbrk, 
>r,  on  the  upper  surface  of  tlie  receiver,  held  in  jiosition  by  the  spring 
>',  pi-eveiits  tiie  cartridge  being  thrown  out  iw  the  block  is  closed,  and 
also  se^^'e8  to  guide  the  cartiidge  to  die  chamber. 

A  de\ice  at  tlie  left  side  of  the  receiver  may  be  stt  set  as  to  prevent  the 
breedh-block  ojiening  far  enougli  to  receive  cartridges  Ironi  the  magazine. 
The  piece  may  then  be  used  as  a  single-loader. 

As  a  magazine-gmi,  3  motions  are  necessary'  to  o|>erate  it,  viz  i  opeiie^l, 
«los«d,  fired. 

As  a  single-loader,  4  motions  are  necessary,  viz:  opened,  loaded,  closed, 
fired. 

This  gun  carries  5  cartridges  in  the  magazine  and  1  in  the  chamber. 
If  the  breech-block  be  ojiened,  the  6  cartridges  may  be  loaded  directly 
into  the  magazine. 

SYSOPSIS   OP   TESTS. 


Tlie  safety -test  was  coinplie<l  with  by  Mr.  I).  Kirkwood,  maker  of  the 
gun.    Time,  21  seconds. 

I. — Rap'uSity  inth  accuracy. 

As  a  niagazine-gnn,  27  shots  were  fired,  of  which  22  struck  the  target ; 
ti  cartridges  remained  in  the  magazine. 

As  a  single-loader,  31  shots  were  fired,  of  which  27  struck  the  target. 

II. — Rapidity  at  will. 

As  a  magazine-gun,  12  shots  were  fired ;  4  cartridges  remained  in  the 
jtiagazine. 

As  a  single-loader,  16  shots  were  fire<l. 

For  some  reason  not  thoroughly  understootl  the  gun  did  not  work 
smoothly.  The  block  stuck  so  that  it  was  closeil  with  the  greatest  ditH- 
cnlty.  Bullets  stmck  on  the  cartridge-stop  and  were  much  disfigured 
when  the  block  was  closed  by  force. 

m. — Endurance. 

Three  hundi-ed  rounds  were  flrecL  Tliroughout  the  firing  tlie  difficulty 
l>efore  statinl  constantly  oc^curred,  though  in  greater  degree.  Tlie  lock- 
ing de\"ice  tailed  to  openite.  The  breechblock  was  dismounted  in  the 
presence  of  the  exhibitor,  but  the  trouble  cinild  not  be  ascertuined.  All 
n]ipeared  to  be  in  onler  as  originally  constmcted.  Tlie  sharp  eilge  ot 
the  cartridge-stop,  which  sheare^l  the  bullet  when  the  block  was  closetl, 
was  rounded  ofl'  at  the  request  of  the  exhibitor,  but  without  much  apiiar- 
•ent  lienefit. 

Gun  withdrawn  by  exhibitor.  Ct^fn^]!' 
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LeiriB-Rlce  MaKazlne-aiiii,  No.  lO. 

(Doen  not  differ  in  principle  from  No.  14,  Plate  XVIII.  Tbe  rhansea 
iniule  connixt  in  filifrlitly  alteriiif;  tlie  form  of  the  cartridge-Rtop  and  filing 
down  surfaces  wlu're  former  trials  Hliowed  too  grejit  friction.) 


Tbe  safety -test  was  complied  witli  by  Mr.  if.  A.  Lewis.  Time,  39 
seconils. 

Tbe  action  of  tlie  breecb-block  was  irregular,  difficulty  being  eipe- 
rienced  iu  closing  it. 

I. — Rapidity  tcith  accuracy. 

As  a  magazine -gun,  18  shots  were  fired,  of  which  10  strack  the  targrt; 
5  cartridges  remained  in  the  magazine.  The  breech-block  caught  aod 
could  not  be  closed.  The  difficulty  appeared  to  be  in  the  maganne- 
Mpringj  which  was  too  weak  to  foixre  the  cartridges  forward  beyond  the 
fuee  m  the  breech-block  against  the  cartridge-stop.  The  result  was  that 
the  upper  front  edge  of  the  blotrk  wan  forcwl  into  the  side  of  the  car- 
tridge and  the  furtlier  ojieration  of  the  block  checked. 

iiua  withdrawu  by  exhibitor. 


l.ewl«-Rlce  UlaBamliie-ClMn,  H*.  SO. 

(Does  not  differ  in  construction  from  No.  16.  New  maga7.iiie-H|iring 
substituteil.} 

SYNOPSIS  OP  TESTS. 

Al-OVST  8,  1879. 

Tlie  safety-test  wan  complied  with  by  Mr.  R.  T.  Ilare.    Time,  26  secwrfJ, 

I. — Rapidity  with  accuracy. 

As  a  magazine -giui,  24  shots  were  fired,  of  which  20  struck  the  target; 
6  cartridges  remained  ui  the  magazine.  The  breech-block  caught  oiu^t 
but  was  soon  started. 

As  a  single-lomler,  31  shots  were  flred,  of  which  24  struck  the  tareet. 

II. — Rapidity  at  irill. 

As  a  magnzine-giin,  18  shots  were  fired;  1  cartridge  remained  iu  tlie 
magazine. 

A8  a  single-loader,  21  shots  were  fired  ;  1  cartridge  remaine<l  in  the- 
chamber. 

III. — Endurance. 

Some  cati-liing  of  the  breech-block  o<;ciuTe<l  dnring  tliin  test. 

IV. — De/cctire  cartridgat. 

Great  escajw  of  gjis  at  each  round. 

After  first  fire  the  i'e<^eiver  was  found  burst  through  Juat  opimsite  fte 
extractor. 
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v.— i>lMf. 

^[agaziiie  did  not  feed  properly  at  commeiiceiiieiit  of  flriiif;. 

Breech-block  worked  hard.  Shells  could  not  he  extracted  without 
^.Teat  difBciilty. 

Gun  -worketl  bo  unsatisfactorily  that  the  Boai-d  discontinued  the  test 
iH'fore  the  second  dusting. 

The  reconler  was  directe<l  to  notii^'  the  owners. 

Gun  withdrawn. 


Russel  Mayazlne  for  Hctchkim  Gnn. 

(Wooden  model.) 

This  magazine  is  intended  to  provide  a  continuous  supply  of  cartridges 
li^'  the  insertion  of  tin  boxes  containing  5  cartridges  each  in  the  chan- 
nel A  in  the  butt-stock.    Plate  XIX. 

Each  box  containa  a  spring,  B,  which  assists  gravity  in  producing  a  rapid 
descent  of  the  cartridges.  The  feeding  ap]>aratus,  Fig.  2,  is  a  combina- 
tion of  a  ratchet  and  spiral  spring.  To  the  inside  of  the  magazine-tul>e 
n|)ring8  C  are  secured  by  solder.  The  oi)i)osite  side  of  the  tube  is  slotted 
lor  the  reception  of  the  sliding-bar  or  ratchet  ]>,  to  which  springs  are 
attat^hed  in  a  similar  manner.  Pivoted  to  the  bar  is  an  arm  E,  Figs.  1 
and  3,  at  the  front  of  which  is  a  projection,  F,  over  which  hooks  a  corre- 
s]>onding  projection,  G,  on  the  breech-bolt.  When  the  breech-bolt  is 
withdrawn  the  arm  and  ratchet  are  compelled  to  move  with  it  until  the 
projection  F  rides  under  a  beveled  shoulder  at  the  end  of  the  groove  in 
which  it  sUdes,  when  the  arm  is  released  and  the  magazine-spring  re- 
turns it  and  the  ratchet  to  their  first  iwsition.  It  will  thus  be  seen  that 
the  ratchet  is  moved  automatically,  being  drawn  back  by  the  bolt  and 
returned  by  the  magazine-spring.  When  the  ratchet  is  withdrawn  each 
spring  connected  with  it  passes  behind  the  head  of  the  cartridge  next  in 
rear  of  it;  when  retiu-ned  the  cartidges  are  carried  forward,  the  2d 
replacing  the  Ist,  which  will  have  entered  the  chamber,  the  3d  the  2d, 
and  so  on. 

This  magazine  cames  9  cartridges. 
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Tlie  tests  were  conducted  for  tlie  i>miK>se  of  ascertaining : 

I.  The  liability  of  explofiion  of  cartridges  in  uiagitzine  resulting  from 
trotting  or  <Ioid>le-<niick  motion. 

II.  The  liability  of  explosion  of  cartridges  in  magazine  resulting  irom 
tlie  manual  exenrise  (order  aims)  or  aceideutjil  droiti>iug  of  the  piece. 

HI.  The  liability  of  explosion  of  cartridges  in  magiizine  due  to  inertia 
of  the  column  of  cartridges  when  the  i)iece  is  lii-ed  and  when  the  maga- 
zine loaded  is  held  in  rtserve. 

FIBST  TEST. 

The  test  api>lied  to  asceitain  the  eft'ect  ihie  to  a  ti-otting  or  doable- 
<iniek  motion. 

A  cal.  0".")8  ritie,  l«>re(i  out  to  eal.  0".6;J  and  nsed  as  an  artificial  maga- 
zine, is  represented  at  Fig.  5,  Plate  XXI.  In  the  Ixittoni  of  the  barrel  is 
an  onlinary  siiirul  magazine-s]iring  with  follower,  the  caitridgea  placed 
npon  the  s]>ring  in  stime  maimer  as  in  onlinary  magazine  fire-arms. 

The  weight  of  the  artitieial  magazine  or  gun  was  7J  ]>ounds.  TiiO 
housing  of  the  magazine  is  liftetl  up  in  its  fi'ame  by  a  peculiar  crank-mo- 
tion commuiucated  to  it  by  means  of  a  leather  belt.  The  hmisuig  falls 
of  its  own  weight  a  distance  of  oj  niches,  59  strokes  per  minute.  Weight 
iif  artificial  magazine  and  housing,  I'J  pounds. 

The  cartridges  in  the  test  were  jolted  in  magazine  for  one  hour,  both 
with  aixl  without  the  spring  in  the  magazine;  no  explosion  resulteil. 
The  bottom  bullet  was  flattened  considerably,  as  shown  by  line  a  a.  Fig. 
1,  Plate  XXI,  and  tlie  remaining  bullets  flattene<l  proportionally  to 
weight  of  column  resting  on  them. 

The  substitution  of  shai-p-pointed  steel  plug  for  bottom  bullet  (see 
Fig.  2),  and  the  same  jolting  test  as  above  applied,  was  attended  with 
same  ivsnlt,  except  that  an  indent  in  lx>ttom  cartridge  was  made  by 
]i()int  of  plug  similar  in  appearance  and  quite  as  deep  as  the  indent 
made  by  firing-pin  <m  a  dummy  cartridge;  no  exiilosiou  resulted. 

SECOND   TEST. 

The  magiizine  weighted  9  pounds,  and  dmpped  20  feet  as  specified; 
no  espiosion  resulted  when  the  cartridges  with  bullets  were  used ;  the 
btdlets  were  slightly  flattened,  the  bottom  bullet  of  column  to  the  line 
b  b.  Fig.  1. 

aulwfituting  8teel-])ointed  plug  with  the  spring  in  magazine  for  the 
Iwttom  cartridge,  explosion  resulteil,  and  the  tlnmniy  shell  with  i>ointed 
plug  was  altweil  in  Khai>e  ii^m  Fig,  )i  to  Fig.  ;t.  The  Inittom  cartridge- 
shell  was  melted,  and  its  bullet  found  in  the  magazine  budly  upset,  as 
shown  at  Fig.  -i.  All  other  ciu-tridges  were  lost — either  exploited  or 
shot  out  of  magazine. 

33  OED  ^--  I 
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THIHD  TEST. 

AVitli  the  HeuiiiigtoD  anti  (magaziue  loaded  and  out  off).  Hiiriii:: ' 
front  of  culuiun  of  nine  cartridges,  no  explosiou  resulte*!  from  nw 
due  to  .sliock  of  tiring  1(H)  euitritlges;  bottom  bullet  sligUtly  flatleiii'i 

H0TCHKIS3  GUN. 

(Magazine  loaded  and  cut  off.) 

S]»ring  in  rear  of  column  of  five  eartiidges.  no  expiation  resnltwif. 
firing  KM)  cartridges;  bottom  bullet  very  (dightly  mittened. 

Tlie  line  c  c,  Fig.  1,  shoTrs  tbe  degi-ee  of  uecessaiy  compressi": 
point  of  bullet  in  order  to  prexent  its  bearing  upon  tlie  priming -]  ■ 
in  center  of  eailridge  shell;  140  pounds  dead  weight,  or  di-oppiiit'  ■ 
cartridge  sixteen  times  through  a  height  its  own  length,  the  pi"- 
bullet  striking  on  hard  surface,  expivitses  the  force  necestur^' to  i>> 
this  limit  of  safety. 
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PLOTTED  TARGETS. 
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